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US  Army  Natick  Laboratories 
Natick,  Massachusetts  01760 


This  technical  report  presents  the  results  of  an  in-depth  exploratory 
development  study  of  an  airdrop  system  utilizing  the  recovery  parachutes  to 
extract  as  well  as  .recover  the  airdrop  load.  The  purpose  of  the  study  was 
to  achieve  a  low  altitude  capability  by  minimizing  the  altitude  loss  from 
the  time  that  the  load  clears  the  aircraft  until  an  acceptable  impact  velocity 
is  achieved.  During  the  study,  mathematical  models  were  developed  and  programmed 
for  computer  solution  which  simulated  the  operation  of  an  airdrop  system.  This 
analytical  tool,  coupled  with  experimental  data  derived  from  a  limited  flight 
test  program,  was  utilized  to  conceptualize  a  configuration  for  an  airdrop  .system 
and  predict  Its  theoretical  performance.  From  these  studies  emerged  an  under¬ 
standing  of  possible  configurations  for  a  low  altitude  airdrop  system  employing 
the  recovery  parachutes  for  extraction. 
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FOMWORD 


This  technical  report  was  prepared  by  MI  Corporation  of  Cockeysvilla, 

Maryland  and  constitutes  the  final  report  under  U.  S.  Army  Matick  Laboratories 
Contract  No.  DAA617-C-68-0036  and  Pr  set  No.  1M121401D195.  The  contract  Is  for 
the  ln*depth  Investigation  of  a  low  a  tltude  airdrop  concept  for  the  mass 
delivery  of  supplies  and  equipment  to  a  point  where  the  concept  may  be  selected 
for  further  Investigation.  The  In-dapth  Investigation  was  conducted  as  one  of 
two  coordinated  Investigations  under  contract  with  the  U.  S.  Army  Natick 
Laboratories  and  responding  to  a  Department  of  the  Army  requirement  for  a 
low  altitude  airdrop  system  for  supplies  and  equipment. 
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ABSTBACT 


This  techrvical  report,  presents  the  results  of  an  in-depth  explcratcry 
dftV'«.iopment  study  of  an  airdrop  system  utilizing  the  recovery  parachut^is  to 
-.y.tract  as  well  as  racover  the  airdrop  load.  The  purpose  of  the  study  was 
to  achieve  a  low  altitude  capability  by  minimizing  the  altitude  loss  fr.otr. 
th^  time  that  the  load  clears  the  aircraft  until  an  acceptable  impact  vriioeitv 
is  achieved.  During  the  study,  mathematical  models  were  developed  an.-i  programw^i 
tor  computer  solution  which  simulated  the  operation  of  an  airdrop  syst^sm.  Ttis 
analytical  tool,  coupled  with  experimental  data  derived  from  a  limited  flight 
test  program,  was  utilized  to  conceptualize  a  configuration,  for  an  airdrop  svstim 
and  predict  its  theoretical  performance.  From  these  studies  emerged  an  under  • 
standing  of  possible  configurations  for  a  low  altitude  airdrop  system  employ  ..ng 
the.  recovery  parachutes  for  extraction. 


I. 


INTRODUCTION 


BX^ARP  (Extraction  by  Inflation  Aided  Recovery  Parachutes)  is  a  concept 
for  an  airdrop  aystam  where  the  main  parachutes,  in  addition  to  controlling 
the  descent  velocity,  are  also  used  to  extract  the  cargo  from  tlie  aircraft- 
Tills  contrasts  to  the  standard  airdrop  system  where  a  separate  parachute  is 
used  to  extract  the  cargo.  The  initial  step  in  the  sequence  of  operational 
events  is  the  deployment  of  the  main  parachutes.  Wlien  first  deployed  these 
parachutes  are  reefed  to  reduce  the  drag  forces,  and  at  this  condition, 
extraction  of  the  cargo  from  the  aircraft  occurs.  Shortly  after  the  cargo 
clears  the  aircraft,  the  parachutes  are  dlsreefed  and  application  of  the 
parachute  forces  is  transferred  to  the  cargo  suspension  slings.  Wlien  dis- 
reefing  occurs  the  parachutes  inflate  rapidly  to  their  maximum  drag  configur¬ 
ation  and  the  system  decelerates  quickly  to  a  safe  descent  velocity.  Tlie 
rationale  for  this  airdrop  concept  is  that  it  minimizes  the  elapsed  time  from 
the  point  where  the  cargo  clears  the  aircraft  until  it  is  descending  at  a 
safe  touchdown  velocity.  Thus,  the  altitude  loss  before  a  safe  descent 
velocity  is  reached  is  also  mlnmized  and  a  low  altitude  delivery  capability 
is  obtained. 

The  purpose  of  this  program,  Contract  DAAG17-68-C-00 j6 ,  was  to  conduct 
an  in-depth  exploratory  development  of  this  low  altitude  airdrop  concept. 
Extraction  of  the  cargo  using  the  recovery  parachutes  is  not  a  new  concept 
and  the  ability  to  airdrop  cargoes  of  special  variety  using  this  technique 
has  been  well  established.  However,  the  feasibility  of  acquiring  a  low 
level  airdrop  system  that  could  be  applied  to  general  cargo  use  has  never 
been  established.  It  was  first  extensively  analyzed  by  this  contractor  under 
Contract  DA19-129-AMC-846(N) .  During  this  program  mathematical  models  were 
developed  and  programmed  for  computer  solution  which  simulated  the  operation 
of  an  airdrop  system.  This  analytical  tool,  plus,  experimentation  data 
derived  from  a  limited  test  program  made  it  possible  to  conceptualize  a 
configuration  for  an  airdrop  system  and  predict  Its  theoretical  performance. 
From  these  studies  emerged  an  understanding  of  possible  configurations  for  a 
practical  low  altitude  airdrop  system  which  employed  the  recovery  parachutes 
for  extraction.  It  was  indicated  that  a  reefing  technique  would  be  effective 
for  controlling  the  level  of  the  extraction  forces  as  well  as  protect  the 
fragile  G-llA  parachute  from  destruction  during  the  initial  stages  of  the 
trajectory  where  absolute  velocities  are  high.  Tlie  need  was  recognized  for 
force  attenuators  to  reduce  peak  loading  due  to  parachute  snatch  and  opening 
shock  forces.  Tlie  use  of  inflation  aids  to  reduce  parachute  inflation  time 
was  desired,  and  further, extraction  of  the  parachutes  from  the  airplane  was 
recognized  as  a  problem  of  principal  concern.  'Dils  program  was  addressed  to 
the  task  of  developing  practical  answers  for  these  problems  so  that  designs 
might  be  established  for  a  low  altitude  airdrop  system  that  can  be  used 
for  airdrop  of  general  cargoes. 

Component  and  system  designs  were  generated  based  upon  the  findings 
of  the  previous  studies  and  general  knowledge  of  airdrop  techniques.  A  test 
program  was  conducted  at  El  Centro,  California  by  the  6511th  Test  Group  in 
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cooperation  with  AAl  to  examine  the  parformanca  characteristics  of  different 
designs.  Thirty-five  (35)  airdrops  wara  accomplished  of  cargoes  ranging 
from  3500  to  25,000  pounds.  Originally  It  had  been  planned  to  airdrop  cargoes 
up  to  35,000  pounds  and  conclude  the  program  with  a  aeries  of  demonstration 
drops  from  a  500  foot  altitude.  Circumstances  led  to  a  curtailment  of  the 
test  program  before  airdrops  of  the  30,000  and  35,000  pound  cargoes  could  be 
achieved.  Also,  moat  of  the  demonstration  airdrops  from  a  500  foot  altitude 
were  eliminated  and  the  only  airdrops  performed  at  this  altitude  were  for  a 
15,000  pound  cargo.  The  mathematical  models  developed  in  the  previous  program 
were  checked  against  the  empirical  data  derived  from  the  tests  and  refined, 
where  necessary,  so  that  good  correlation  of  the  theoretical  and  empirical 
data  was  obtained.  The  mathematical  models  were  then  used  to  run  parametric 
analyses  where  the  effects  on  performance  of  varying  individual  parameters 
were  computed,  plotted  and  analyzed.  This  analytical  process,  Insofar  as 
possible,  was  kept  current  with  the  test  program  and  the  results  used  to 
Indicate  which  component  items  should  be  varied  and  in  what  manner  for  sub¬ 
sequent  tests.  In  this  manner  the  program  has  been  used  to  examine  the 
feasibility,  establish  practical  designs,  and  predict  the  performance  for 
this  concept  of  a  low  altitude  airdrop  system. 

In  addition  to  addressing  the  basic  problems  of  design  and  performance, 
ancillary  systems  considerations  were  analyzed  in  detail  and  the  results  of 
these  <^tudies  presented  in  various  technical  reports.  These  subjects 
inoU  ed  systems  reliability,  aircraft  and  operational  utilization,  sensitivity 
analyses,  maintainability,  safety  and  economical  factors. 

This  report  presents  the  principal  findings  of  this  program.  Since 
the  effort  has  been  rather  extensive,  it  is  impractical  to  report  here  much 
of  the  details  which  substantiate  these  findings.  These  details  have  been 
included  in  other  technic '1  reports  and  reference  to  this  material  Is  provided 
throughout  this  report, 
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II.  CONTRACT  REQUIREMENTS 

A.  System  Pcrformence  Goals 

Orientation  of  this  ln>depth  exploratory  Investigation  shall  be 
towards  achievement  of  a  system  capable  of  use  with  U.  S.  Army  and  U.  S.  Air 
'  Force  rear  loading  cargo  aircraft  under  the  following  conditions: 

1.  At  aircraft  altitudes  below  500  ft.  above  the  terrain. 

2.  At  aircraft  speeds  from  110  to  150  knots.  Compatibility  with 
lower  aircraft  speeds  down  to  AO  knots  shall  be  investigated 
for  possible  applications. 

3.  With  horlsontal  Impnct  velocities  not  exceeding  those  of  the 
present  system  In  ground  winds  from  0  to  15  knots. 

4.  In  operations  employing  mass  formations  (30)  of  aircraft  air¬ 
dropping  single  and  multiple  cargo  units. 

5.  With  the  fewest  possible  restrictions  on  drop  zone  character¬ 
istics  such  as  size,  unobstructed  area,  flatness  and  texture 
of  terrain. 

6.  With  a  nominal  vertical  cargo  impact  velocity  of  23  fps  and 

•  a  maxltrum  of  28.5  fps  at  any  terrain  altitude  between  0  and 

5000  ft  and  simultaneously  at  any  air  temperature  between 
-65®F  and  100°F. 

a 

7.  Without  modification  to  the  cargo  other  than  minor  modifications 
which  can  be  accomplished  without  special  equipment. 

8.  With  a  reliability  of  .995  and  an  accuracy  C.E.P.  of  100 
meters  from  the  selected  impact  point. 

9.  For  unit  cargo  gross  weight  from  2000  to  35,000  pounds  on 
present  airdrop  platforms  and  developmental  aircraft  unloading 
kits . 

10.  With  a  minimum  requirement  for  special  training  of  usingtroops. 

11.  Without  modification  to  airdrop  aircraft  other  than  those  that 
can  be  accomplished  as  a  minor  retrofit. 

12.  Without  reduction  of  the  present  allowable  cargo  size  envelope 
for  each  type  of  aircraft. 

I  13.  Without  reduction  of  present  aircraft  utilization  for  airdrop 

or  interference  with  paratroopers  jumping  after  cargo. 
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14.  Undtr  adverse  weatlier  conditions  as  outlined  in  AR  705-15. 

Noting  that  -80®P  is  changed  to  -65°P. 

B.  System  Design  Requirements 

The  final  system  must  incorporate  the  following  design  requirements: 
I.  In-P)iglit  Requirements 

a.  Load  factors  on  the  cargo  and  system  components  must 
not  axcaad  the  following  values  until  initiation  of  the  airdrop  sequence. 


( 1 )  Forward  4 . 0 

<2)  Aft  1.5 

(3)  Lateral  1.5 

(4)  Up  2.0 

(5)  Down  7.1 


h.  Present  rigging  for  inflight  cargo  restraint  shall  not 
be  significantly  changed. 

c.  Metal  components  in  the  extraction  subsystem  shall  have 
safety  factors  of  1.65  ultimate  for  cargoes  with  extracted  weights  under 
25,000  pounds  and  1.75  ultimate  for  cargoes  over  25,000  pounds.  All  other 
metal  components  shall  have  a  safety  factor  of  1.65  ultimate.  The  yield 
strength  for  all  metal  components  shall  be  at  least  907.  of  the  above  required 
ultimate  strengths. 

d.  Tlie  system  shall  be  usable,  within  its  weight  limitations, 
for  the  airdrop  of  all  Army  material  which  is  now  airdroppable. 

C.  Specific  Contract  Requirements 

Under  this  contract,  detailed  functional,  operational,  and  economic 
analyses  of  the  system,  bench  and  scale  model  tests,  breadboard  hardware 
design,  iabricatlon,  and  full  scale  flight  tests  shall  be  performed.  These 
analyses  shall  determine  the  degree  of  conformity  to  the  goals,  requirements, 
and  characteristics  of  the  system  herein  described. 

1.  A  cwnplete  review  of  the  reports  prepared  under  contracts 
DA-19-  -AMC-846(N)  and  85l(N)  along  with  familiarization  of  the  work  per¬ 

formed  in  the  preliminary  exploratory  phase  shall  be  conducted.  This 
information  combined  with  the  concepts  of  inflation  aids,  extraction  by 
recovery  i  rachutes,  and  vent  reefing  techniques  shall  be  optimized  for  the 
low  altitude  airdrop  system. 

a.  Tlie  following  components  shall  be  investigated  for 

reoptimization: 
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(1)  InflAtlon  Aldi  (Inflactori  or  oth«t)  -  do&firmlnatlon 
of  configuration,  numb*)r  and  ilce  ahall  ba  avaluat'^d. 

(2)  Gftntarllna  raffing  -  langth  of  line. 

(S)  Reefing  line  -  f  re-:^very  parachut'-  t>-f:ng 
line  length  used  duririg  extraction  phase. 

(4)  R-eftng  line  cutt^-ts  ■■  detemlr.e  ntc^ssar 

delay(s). 

(5)  Oscillation  damping  parachute  -  determine  n*  i, 
configuration  and  si;-. 

b.  Ccmputar  studies,  performanc'^  analysis,  scale  mod-^1  t-sts. 
and  full  scale  drops  shsll  be  used. 

2.  Three  aircraft,  the  C-130,  C-141  and  C-$A  shall  b  Inv-stlgat-i 
to  determine  the  differing  cherecterlstica  of  each  that  will  significantly 
affect  the  results  of  the  studies  end  analyses  performed  on  thn  system. 

3.  Single  cargo  airdrop ,  Intermitten*  cargo  airdrop  from  a  single 
aircraft,  and  multipli^  consecutive  cargo  airdrop  from  mass  formations  (10 
aircraft)  shall  be  investigated. 

4«  Aircraft  safety  shall,  at  all  ttm**^,  b-  conaiderod  in  the 
iealgn  of  all  components.  Analyses  shall  be  perfonr.-d  to  ellmlnatxi  any 
possibility  of  an  event  jeopardising  flight  safety.  Countermeasures  shall 
also  be  Incorporated  to  counteract  any  system  failures  that  may  aff*-ot  flight 
safety. 

I';-,  .  ’  , 

5.  Approximately  25  to  35  tests  shsll  b-;  conducted  including 
flight  safety  write  off  tests,  component  tests  and  system  tests.  These  tests 
shall  be  conducted  at  the  6511th  Teat  Group,  NAF,  El  Centre,  Calif r»rnla  and 
shall  culminate  in  a  system  demonstration  tc  show  feasibility  of  tha  system. 

6.  Results  shall  be  presented  Including  trajectories  and  body 
motions  to  determir'e  the  effects  of  the  gystem  ''r-ratlf'n.  The  system  r-ir'- 
formsnee  envelope  shall  be  dafined  by  parameter  variation  such  as  cargo 
weight,  aircraft  velocity  and  altitude,  platform  length,  cargo  c..g.  Iccatcor' 
in  aircraft,  opening  times  and  snatch  forcHs  fer  clustered  par&chut'^s. 
results  will  be  corrwlated  with  the  system  flight  test  data  to  prefi  t  tf 
performance  of  the  eventual  system  which  could  b*  v  veiopr  d. 

7.  A  high  degx'H.f.  of  re  liability  wl'.l  an  important  considr -aticn 

in  system  design. 

8.  Ec'-r.omy  in  the  system  will  be  inh-  .  or  ,  ,lth  an  tifc-’t  *r 
keep  costs  to  the  lowest  possible  level  consist -.’"t  vlth  mee  ting  the.  peilonn* 
anoe  goals. 


9.  A  thorough  trade -off  analyala  ahall  b«  performad  conaidar* 

Ing  ch«  affect  of  variation  of  the  detailed  parametarat  Alao,  a  aenaitlvity 
analyaia  and  maintainability  atady  ahall  be  performed  for  the  ayatemt 

10.  Technical  Integration  and  Evaluation  input  data  required 
conaiata  of: 

a.  Identification  of  all  aventa 

b.  Projection  of  «ilapaed  tlmas,  maximum  forcea,  groaa 
rigged  weight  and  expected  lifetime  of  ayatem 

c.  Reliability  information 

d.  Accuracy  information 

a.  togiatica,  maintenance,  training,  rigging  and 
derlgglng  time  data 

£.  Coat  information 

g.  Safety  and  malfunction 

h.  Sensitivity  analysis 
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III.  SYSTEM  DISCUSSION 


A.  System  Definition 

The  in-depth  study  conducted  by  AAI  Corporation  employed  Inflation 
aided  recovery  parachutes  for  extraction  and  for  subsequent  descent  of  carKoes 
from  an  airdrop  altitude  of  500  feet  or  less.  A  general  description  of  the 
low  altitude  airdrop  system  utilising  recovery  parachutes  for  extraction  is 
presented  in  the  final  report  (1)  prepared  by  AAI  Corporation  for  U.  S.  Army 
NLABS  under  Contract  DA-19-129-AM0-846(N) .  Several  additions  and  improvements 
have  been  made  to  this  system  and  these  items  arc  described  in  detail  in  this 
section.  The  airdrop  system  consists  of  the  following  events: 

e  Pendulum  release  of  the  ringslot  extraction  parachute 
•  Extraction  and  deployment  of  the  recovery  parachute 
a  Extraction  of  the  cargo 
a  Tip-off  of  the  cargo 

a  Force  transfer 

a  Dascent 
a  Impact 

Figure  I  illustrates  the  basin  operation  of  tha  system  and  defines 
the  sequence  of  events*  Tha  operation  of  the  extraction  sequence  for  up  to  and 
including  four  G-llA  recovet7  parachutes,  including  the  pendulum  release  of  the 
ringslot  parachute,  extraction  and  deployment  of  the  recovery  parachutes  and 
the  extraction  of  the  cargo  it  shown  In  Figure  2.  When  five  or  more  G-llA 
recovery  parachutes  are  used,  a  platform  is  employed  to  extract  the  parachutes 
as  shown  in  Figure  3*  After  cargo  extraction  and  tip-off,  load  transfer  occurs 
as  illustrated  in  Figure  4. 

Previous  studies  have  revealed  the  need  for  improved  recovery 
parachute  Inflation,  more  efficient  usage  of  the  parachute  deceleration  capa¬ 
bilities  throughout  the  trajectory  especially  during  the  load  transfer  event, 
and  reduction  in  snatch  force  to  satisfy  the  requirement  of  not  exceeding 
1.5  g's  on  the  extraction  point.  The  snatch  force  is  caused  by  the  accelera¬ 
tion  of  the  recovery  parachute  mass  from  its  velocity  at  line  extension 
(illustrated  in  Figure  2)  to  the  velocity  of  the  aircraft.  Investigation  of 
numerous  techniques  to  reduce  the  magnitude  of  the  snatch  force  have  shown 
that  the  addition  of  an  energy  absorber  material ,  undrawn  nylon,  in  the  riser 
extension  line  is  the  most  acceptable  in  tenms  of  force  reduction,  cost, 
reliability,  and  rigging. 

Previous  flight  tests  conducted  at  El  Centro,  California  on  Contract 
DA-19-129-AMG-846(N)  have  revealed  that  the  parachute  force  decreases  to 
near  zero  Just  after  transfer,  then  rapidly  Increases  as  the  suspension  slings 
become  taut.  This  occurrence  caused  two  problems  in  the  operation  of  the 
extraction  by  recovery  parachute  system.  First,  the  rapid  reduction  in  force 
indicated  that  the  cargo  was  not  being  decelerated  during  the  force  transfer 
phase  of  operation.  Secondly,  the  forces  developed  in  the  suspension  slings 
exceeded  the  structural  limit  imposed  on  the  suspension  fittings.  Therefore, 
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LOAD  WCUU  CLEAKOF 
RAMP.  PARACHUTE 


c.;T'.:uNr.;  if  ’.'ACT  ai 
l.tss  THAN  bOG  FT. 


SEQUENCE  OF  EVENTS 
Figure  1 


PENDULUM  HKLEASIi  (NlTTATHr) 
IIY  PILOT 


RECOVERY  PARACHUTE  RISERS  AND 
SUSPENSION  LINES  FULLY  EXTENDEn 
(SNATCh  FORCE  OCCURS) 


CANOPY  DEPLOYED 


.  -  RECOVERY  CANOPIES  BEGIN  INFLATIOI!, 

START  CARGO  EXTRACTION 

EXTRACTION  SEQUENCE  -  FOUR  OR  LESS  PARACHUTES 
FIGURE  2 
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PEIOULKJM  RELEASES 


B  DROGUE  PARACiHOTE  DEPLOYS 


C  '  DROGUE  PARAGHOTE  DEPLOYS  EKIRAGTION 
AMD  RECL<VEK5f  PARl^CHl’TES  ON  PARACHUTE 
EXTRACTION  PLATFORM 


D  DR5GUE  PARACHUrE  .  JCOVERS 

PARACHUTE  EXTRACTION  PLATFORM 


PLATFORM  EXTRACTION  SEQUENCE  •  FIVE 
OR  MORE  PABAC57jTES 


FIGURE  3 


CARGO  AT  END  OF  RAMP 


FORWARD  SUSPENSION  LINES  EXTENDED 
CARGO  BEGINS  TRANSFER  OSCILLATION 


FORCE  TRANSFER  SEQUENCE 


FIGURE  4 


to  resolve  these  difficulties,  undrawn  nylon  lines  have  been  Incorporated 
with  each  suspension  sling  to  reduce  the  peak  suspension  force  and  minimise 
the  duration  of  low  force  application  to  the  cai^o*  Figures  5  and  6  compare 
the  extraction  and  suspension  sling-force  vs  time  traces  with  and  without 
the  undrawn  lines  utilised.  The  rigging  modification  required  for  using 
undrawn  nylon  slings  Is  described  in  Section  IV.C. 

Analytical  and  exparlmantal  studies  of  the  performance  of  G-llA 
parachutes  have  shown  that  the  canopy  Inflation  time  is  too  long  to  provide 
acceptable  cargo  impact  characteristics  at  altitudes  of  500  feet  or  less.  In 
the  inflation  process  of  flat  circular  canopies,  the  canopy  inflates  from  the 
apex  of  the  canopy  toward  the  skirt  after  the  opening  shock  force  occurs.  A 
typical  inflation  sequence  of  «  G-llA  parachute  is  illustrated  in  Figure  7. 

An  acceptable  method  for  reducing  the  canopy  Inflation  time  Is 
the  use  of  a  centerline  which  pulls  Che  canopy  vent  down  inside  the  canopy. 

The  performance  of  this  technique  has  been  illustrated  in  theoretical  and 
experimental  analyses  conducted  by  AAl  Corporation,  model  tests  performed 
by  Stencel  Aero  Engineering  and  full  scale  low  altitude  airdrop  tests  conduct¬ 
ed  by  the  6511th  Test  Group.  The  addition  oi  a  centerline  attached  to 
the  canopy  apex  does  not  present  any  operational  rigging  problems  and  results 
in  a  desirable  modification  from  an  economical  basis.  Also,  the  fully 
inflated  canopy  shape  of  a  G-llA  parachute  using  a  95  foot  centerline  developed 
a  significantly  higher  drag  force  than  the  standard  G-llA  canopy.  Selection 
of  the  95  foot  centerline  as  Che  optimum  length  is  discussed  in  detail  in 
Section  IV. D  .  The  shape  of  afully  inflated  caiiopy  with  a  95  foot  centerline  is 
depicted  in  Figure  8. 

Using  the  previously  discussed  new  component!  and  the  extraction  of 
the  cargo  by  recovery  parachutes,  the  following  cargo  weight  range  has  been 
developed. 


Number  of  J-llA 
Parachutes 

Total  Descent  Weight 
(Garso  +  Parachute  Weiaht) 

1 

2,000  -  5,000 

2 

5,000  -  10,000 

3 

10,000  -  15,000 

4 

15,000  -  20,000 

5 

20,000  -  25,000 

f 

25,000  -  30,000 

7 

30,000  -  35,000 

The  following  parts  of  this  section  describe  in  detail  the  system 
operation  and  required  cargo  and  parachute  pre-flight  rigging  and  preparations 
for  the  EXIARP  system. 
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MAXIMUM  OPENING 


WITHOUT  ATTENUATOk 

OOMBARISON  OF  EXTRACTION  FORCE  WITH  AND  WITHOUT  ATTENUATOR 

FIGURE  5 


AFT  SUSPENSION  SLING 


WITHOUT  ATTENUATOR 


COMPARISON  OF  SUSPENSION  SLING  FORCE 
WITH  AND  WITHOUT  ATTENUATOR 


FIGURE  6 
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FLAT  CIRCULAR  CANOPY  INFLATION  SEQUENCE 


Figure  7 


B.  Airdrop  Pi«F*r»tlon 


1,  Ringing  Pi.r#.*.hut.PB 

The  rlggtng  prorodure*  for  r.h®  p^rachut'^s  tc  b«  used  -vltS  the'- 
BXIARP  system  differed  Crcm  the  stsndsrl  d-e  tc  the  sddlticTu  of  threti  components. 
These  components  are;  (1)  dual  stage  rreflng  line;  (2)  canterlfnrt;  and  (3) 
snatch  fort«  attenuator. 

The  atial  otage  reefing  line  Is  Installed  In  order  t*.  prcduce 
ar.ceptable  force  levels  during  canopy  Inflation  and  provide  uni.fcr.ir.  opening 
rates  for  clustered  parachutb  configurations  when  more  than  four  G-liA 
parachutes  are  used.  Th.e  dual  stage  reefing  technlqu-j  tc.  be  ^mplo><:i’  f.s 
illustrated  in  Flgura  9r  The  first  reef  diameter  is  hell  until  the  two 
second  delay  cutters  fir.;'.  The  skirt  of  the  canopy  then  inflates  to  the 
second  reefing  line  diameter  end  Is  held  until  the  four  second  reefing  cutters 
fire. 


The  pt^ccduras  used  to  Install  the  dual  stage  reeling  line 
are  similar  to  the  installation  cf  a  standard  reefing  line.  The  only  variations 
that  exist  are  the  stowing  of  the  excess  line  used  to  hold  thi  second  reef 
diamater  and  thi*  ise  of  .four  second  reefing  outt^.-s  to  cut  thi^j  s‘iCond  stage 
reefing  line. 


A  centcirline  or  apex  control  line  has  bean  added  to  tho  canopy 
to  provide  a  more  rapid  inflation  and  increased  load  carryitig  capability  f‘<r 
the  parachute.  As  Illustrated  in  Figure  10,  the  centerline  ccnsists  c£  a 
heavy  nylon  web  connected  between  the  canopy  apex  and  the  confluence  cf  the 
risers.  The  attachment  Is  made  at  the  apex  by  looping  the  suspension  lines 
around  a  small  clevis  and  then  attaching  Che  centerlinf--  to  the  clevis  belt. 
The  centerline  'suse  any  change  to  Che  standard  procedures  used 

to  fold  the  c«..opy  1‘  ^.c  the  bag  or  stow  the  suspension  lines  and  risers. 

To  limit  the  snatch  force  to  acceptablo  levels,  s  multiline 
snatch  force  attenuator  was  developed.  This  attenuator  is  Installed  between 
the  confluence  of  the  r  rs  and  the  riser  extension  line.  It  ccnsists  of 
several  undrawn  nylon  ..nes  strung  between  the  two  G-llA  clevises,  with  one 
end  attached  to  the  risers  and  the  other  to  the  riser  extension  as  shewn  in 
Figure  11.  A  ten  foot  length  of  riser  extension  webbing  was  riggr^d  in 
parallel  to  these  lines  and  acte  as  a  safety  line  and  stop  when  the  undrawn 
nylen  has  stretched  tc-  its  dc.elred  extension.  The  G  -llA.  clevis  attached  to 
the  risers  has  been  modified  to  accept  the  multiline  snatch  force  attenuator 
in  addition  to  the  safety  line. 

The  snatch  force  attenuator  is  sti-wed  as  shown  In  Figure  12. 
The  clevises  used  to  make  up  the  attenuator  ar-.  stowed  on  the  outside  of  the 
bag.  Each  clevis  Is  tiei  t'  the  two  bag  haniles  :n  the  foiwari  end  of  the 
deployment  bag.  The  safety  line  and  undrawn  c>l'"n  ropes  ace  stowed  unhir 
the  flap  as  shown  and  are  tied  to  the  aft  end  of  th=i  d.eployme.nt  bag. 
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FIRST  Hmm  BIAMETKR 


~  2  SECOND  DELAY 
CUTTER 


□  —  4  SECOND  DELAY 
CUTTER 


SECOND  REEFED  DIAMETER 


DUAL  REEFING  J^THOD 
FIGURE  9 


FIGURE  10 


RISERS 


MUI.TI-LINE  SNAXaj  ilORCE  ATTENUATOR 
FIGURE  11 


NOT  REPRODUCIBLE 


BAG  FLAP 


CLEVIS  ZO 
HANDLE  1^8 


BAG  HANDLE  A^ENUATOR 

CLEVISES 


PARACHUTE  PACK  WITH  SNATCH  ATTENUATOR  INSTALLED 


Figure  12 
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Rigging  The  Ca^.gc 


NOT  REPRODUCIBLE 


T'  8.'.tn;\lt:y  t>**  iggJ.’-g  ct  ’*■»  >  » r »' f  s  t:-r  the  E''  ARP  9,s‘''p 
*>r  t  :u*es  vse.:  hrre  b^'eti  Wep^  8i.tt.i.iar-  s-  sei  f;i  •:>.«  s».a-”^ard 

systen’.  Standard  vebbing,  tie  drv»’  5evi.r.e8,  ir.-  la;.  plactviTPs ,  anu  ;ater 
hmeycomb  energy  a.’.pslpa^’' :.‘s ,  have  been  .sc  i  w'^.erf  fr  [  -sstble  t;  r.he 

amo-.'nt  of  new  rlggf;ig  e-^a'pment  require  .. 


Seme  r;.ggi.fig  nttrlvare  anj  i  r:  i  ha-’ges  ve  -.-e  ma  *  f  ■ 
specitic  use  on  the  EXTARP  system.  ‘To  U.m:.t  the.  f-v.e  at  piled  i:  the  susv'^''8i»  n 
silng  fittings  a  sjafensl  n  sling  force  attenuates  vas  levelcp-ed  and  is  tute.: 
in  Figure  I'i.  The  ar.^enuator  consists  '  f.  Sf.  'enal  stranas  of  5/3*'  diatrete : 
undra.'M  nyl*. n  ..>f  vhlch  am  rlggei  in  pe-al.e.  the  suspenslcn  s.'.".g.  ."'"e 

nurtiDe''  of  Lines  use  .:  parallel  t:.  t>'e  af.t  Su8;e’'si'n  si.,  g  is  ejual  tc  t-i  -e 
f.’^e  number  of  parechutea  used  to  .ctg  the  lea:  an:  the  number  of  llnec  use-.'/ 
parallel  to  the  fcrv'ar-f  sispenslrn  sling  was  ejtiaL  *r  the  number,  oi  pananh.nes 
used.  As  shown  in  Figure  i.;:,  ehe  undrawn  r.vlon  lines  are  attached  t  ,  a  .t:uT 
pir,  connecter  at  ho*’:  ends  using  oargo  suspension  •'lerista.  The  s  iSpen8.icn 
sling  is  v.vrnecf.'i  t.  the  fr  .r  pin  c-nne,:f;ors  and  stowed  as  shewn.  Owe 
connector  is  atta  he?  tc  the  auspenaten  sllna  at-ta,>men*  point  anr  the  other, 
ccnncitrr  is  attached  tc  the  :x:nJt.lae.nce  of  the  suspension  slings  using  a  si.x 
f0-“.  s  uspension  sling  '^.xtene.,  r  . 

Si'-re  ‘he  main  parachutes  are  used  t-  extract  the  carge,  the 
rigging  or  the  txtra.f  '.c.n  anc,  transtei  lines  dlfiers  significantly  f.rcm  the. 
standard  system.  Fig  re  ;.<i  s*'rw8  s  schematl:  of  t.‘‘e  tigging  of  these  lines 
fer  the  standard  systcoi  and  Figure  15  shews  the  rigging  fer  the  EXIARP  system. 

The  ma^^cr  difference  is  '^hat  the  extraction  line  is  attached  jirectly  tc  the 

transfer  connecter  Vo  the  standard  system  whereas  the  extraetten  line,  'ailed 

the  drogue  line  in  the  EX?[ARP  systeroj  is  attached  directly  to  the  mal"  ?ar.ach'.tc(s) . 


The  only  other  -arge  rigging  change  required  Involved  the 
depicymetit  cf  the  parachutes.  For  the  staniard  system  and  the  FXIARP  system 
using  up  to  ard,  including  clvarers  v'c  four  para-nctes,  the  parachutes  are 
store  1  directly  on  the  Ira?.  For  clusters  ccntatnlng  five  or  more  parachu’cs 
a  separate  platform  Is  wsed  t-  extract  f-e  rerachutes  f^r  the  EXIARP  system. 


.'i.  Pre  flight  Prertraticn 

The  pre- flight  preraration  r f  the  cargo  involves  leading  tbe 
cargo  into  the  aircra*''^  rest'acning  the  -.avgr  evr*- i-  the  aircraft, .  anc 
attaching  the  dregue  paro.  h..fe.  All  cf  these  rr’rer.res  are  the  same  as  'h 
used  in  the  current  airirrr  system. 


Restrain*  of  tt.e  cargo  within  the  aircraft  is  a  cctr.r -i8''ed 
"Slug  the  -iaa?.  rail  indent /iete;‘t  system,,  .T'e  re  rmanent  vertical  .res’:  rale  ■ 
fla.ige  on  the  rails  provides  the  necessary  i:t  res'ra:.,nt.  The  IrfeT't/c*' Ler  ■ 
locks  cm  the  Left  har.*  ra  .1  :  the  reraireu  1“  tllghr  forward  aft 

restraint  while  lat:era'.  res*:ra.nt  is  a‘ ormrlishe  ?  by  thf  .'ails.  The  right 
card  Icu.ks  err  vide  forward  a-d  a.tt  restr.a"'t  at’tf.''  r.he  let*  hand  locks  are 
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released  upon  approach  to  the  drop  zone.  The  procedures  used  to  engage  che 
locks  for  the  EXIARP  system  are  the  same  as  the  present  system  and  a  setting 
of  1/2  g  or  1.0  g  is  used  depending  upon  the  length  of  the  platform.  When  the 
parachute  extraction  platform  Is  used,  one  lock  is  set  at  4000  pounds  to  restrain 
the  platform. 

The  drogue  parachute  is  attached  to  the  pendulum  release  just  as  in 
the  standard  system.  Like  the  standard  system  a  60  root  extraction  line  is  used 
as  a  drogue  line  with  the  drogue  parachute.  For  ballistic,  deployment  of  up  to  and 
including  four  parachutes,  a  preinflation  break  web  is  attached  to  the  drogue  line 
and  cargo  as  shown  In  Figure  16.  One  end  of  the  drogue  llhe  Is  attached  to  a  large 
suspension  clevis  along  with  the  nre- inflation  break  web  and  the  confluence  of  the 
bag  bridles. 


22 


NOT  REPRODUCIBLE 


STOWED  SUSPENSION 
SLING 


UNDRAWN  NYLON 
LINES 


FOUR  PIN 
CONNECTOR 


SUSPENSION  SLING 
EXTENSION 


CARGO  SUSPENSION 
CLEVIS 


SUSPENSION  SLING  FORCE  ATTENUATOR  INSTALLATION 


Figure  13 


23 


SUSPENSION  SLING 


FIGURE  14 


C.  Sy8t>im  Operation 


I..  R".  ’  vr;  Pc  .r^.chutif  Ext  ractlc  n  &•  "'i^.p^oyWHnt 

a.  fealllsf.Lc  Extracttcn 

The  r.crtnal  t’rocedurx  US'-  !  t*  j  and  (  ’'.tract  the  r\ 

parachutes  using  the  "extract i.  n  by  axalns"  f  r. l.nci.t. It  consist  cf  mount  ;.ng  the 
'’.eccv^ry  parachutes  on  the  cargc  and  having  a  sma-I  iroguti  patachut-  s 

pendulutr  reitased)  extract  the  i*-iC::v€’ry  parachutes  off  the  cargo.  This  bal. ‘ 
Istlc  t;>.tractLon  concept  has  been  used  to  (Extract  ur  to  and  including  ccur 
G-^llA,  recovery  parachutes  luring  s-veral  previous  t»^sts  of  the  ext:'£  ticn  by 
mains  airdrop  te-hniojuf  . 

The  bas.c  orlnclple  of  this  b=,..\l,stic  extracticn  conc-ct 
Is  tc  "snatch"  the  recovery  parachute  through  t*-e  '  argc  compartment  becir-. 
they  hav-.  time  to  drof  a  surficient  distance  to  impact  the  alrcralt  ramp. 
Iherefor'-i,  the.  extracttcn  force,  applied  to  the.  recovery  parachute  bags  must 
b-i  large  enough  to  dev^ilop  high  bag  velocities,  thus,  ml.nlmlzltig  the.  tlm(^.  for 
the,  bags  to  (exit  the  aircraft.  The  rapid  extraction  c£  the  parachute  bags 
sl.so  prevents  the.  bags  from  losing  excessive  altitude  during  their  deployment 
8ubsequ'‘vnt  to  their  -..’ttr^o.rlon  from  the  aircraft.  The  use  of  too  small  an 
evt 'action  parachute  will  cause  the  bags  to  hit  the  ramp  and/or  the  ris'-.r 
ey.t-mslon  lines  cf  the.  rv.ccve.ry  parachutes  to  rub  on  the.  tamp  edg-i. 

To  insure  chat  sufficient  force.  Is  developed  by  the  drogje 
parachute  prior  tc  extraction  of  the  main  parachutes,  a  pre-inflation  bt-^ak 
veb  is  attached  bet'veen  the.  extracticn  line  and  the  cargo.  The  pre~ inflation 
br^.ak  web  prevents  motion  of  the  parachute,  bags  until  the  extraction  force 
br(a.i<s  this  tie.  Since  the.  pre* inflation  break  w  b  Is  attached  directly  tc 
the  cargo,  the  cargo  restraint  must  be  set  at  a  force  level  greater  than  t'*- 
rated  strength  of  the  pre- inflation  break  web  cr  mctlon  of  the  cargo  will 
occur  prior  to  ^.;(;tractlon  ol  the.  main  parachut".8. 

To  summarize  the  cpe.rat  lonal.  description  of  the  balli.st  i.c 
eC'.tractlon  ccnce.pt  the.  sequence,  cf  events  are  liste.i  belcw  and  Illustrated 
i.n  Fig.ure  2,,  page  9, 

Derlo.v  D.“.'ogue  Parachute 

The  drogue  parachute,  is  deployed  using  the.  pendulum 
release  mechanism  available  in  the  C' l.'-JO  alruratt. 

Beleasr  Of  Recevery  Pararh’ute  .j^ags 

Tf-  drogue  parachute  ri.sr-t  e.r:.jnsior  lint  :.s  c  nnectfd 
t  ■'  ft  pTc  ■  Inr'Lftt. Lon  br-.ftk  tie  cn  the  cargo.  Whe  .  th* 
c gui--.  p.%.’-ach.ui>  develops  suffi'  ient  drag  ferce  r- 
b-'  ak  this  fie  the  force  is  tianst:V-'i  .d  tc  thy  re.ooverv 
parachur-.  begs  and  inltlaf-s  me  tier  r  i  these  bags.  Tb*’- 
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cargo  is  rescralnad  by  tha  datanct  of  tha  rail  ayatam 
with  a  forca  graatar  than  tha  pra-lnflatlon  braak 
force  to  pravent  cargo  movamant  during  axtractlon  of 
the  recovery  parachute. 

Extraction  Of  Tha  Recovery  Parachutaa 

The  drogue  parachute  extracts  tha  recovery  parachute 
bags  out  of  the  aircraft  compartment.  The  bags  travel 
through  the  cargo  compartment  without  Impacting  the  ramp 
or  the  aircraft  sides.  After  the  bags  exit  the  aircraft 
the  drogue  parachute  begins  to  deploy  the  recovery  parachutes 
from  their  deployment  bags. 

b.  Platform  Extraction 

Successful  tests  using  up  to  four  G-llA  parachutes  were 
conducted  with  the  ballistic  extraction  method,  but  there  was  Insufficient 
room  on  the  cargo  to  store  more  than  four  parachutes  and  maintain  adequate 
clearance  with  the  surrounding  aircraft  structure.  Therefore,  beginning 
with  the  five-parachute  configurations,  an  alternate  method  of  extracting 
the  parachutes  was  Investigated.  In  this  alternate  method  the  parachutes 
were  placed  on  e  separate  platform  which  was  extracted  from  the  aircraft  using 
the  dual  rail  system. 

An  eight  foot  platform  was  flight  tested  and  proved 
unacceptable  because  the  platform  rotated  out  of  the  rails  and  struck  a 
wind  deflector  plate  on  the  ramp.  To  prevent  this  occurrence  two  separate 
platforms  were  designed  to  provide  the  needed  deployment  capability,  however, 
neither  of  these  has  been  tested.  The  design  of  each  of  these  platforms  Is 
discussed  In  Section  IV. C.  The  proposed  platform  extraction  operation  will 
be  similar  to  that  used  on  the  test  conducted  at  El  Centro. 

The  sequence  of  operation  for  both  platforms  Is  Illustrated 
In  Figure  3  and  Is  described  as  follows: 

•  Drogue  Parachute  Deployment 

The  standard  pendulum  release  system  Is  used  to  deploy 
the  drogue  parachute. 

•  Restraint  Of  Parachute  Platform  During  Drogue  Inflation 

The  drogue  parachute  begins  to  Inflate  and  applies  long¬ 
itudinal  force  to  the  parachute  platform.  Longitudinal 
motion  of  the  platform  Is  prevented  by  the  rail  system. 
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Kovever,  «  rotation  is  induced  by  the  force  couple 
consisting  of  the  inflating  drogue  parachute  force 

t*',-  ;’.n --.nt/det&nt  r-:?.''tion  t'Tce.  The  retoautabl^ 
v-.?tt-''il  r-.sr.rai’'-t8  engag'i.d  at  f-isrlsge  station 
numbf.r  s  709  and  720  re.fi  t  against  this  couple'  and  j-r-'.  ^n*- 
any  rotation  from  occur' V'.g. 

•  ,?i.  if .  P  ■■'itt  '-  rm  Me  vejt^'  t 

Th-i  irngu'^'  pa'achote  continues  re  inflate  until  it 
.i'T'velops  a  force  r^aal  »o  the  resriaint  s'ltting  of  the 
ssingl-;  indent /i-.tent  lock,  iccat- i  at  aircrat".  fuselag- 
at«t;ion  number  688.975.  '.7\is  Ir  >  is  s»-t  at  ..ns  maximi;rr 

forc‘4  of  4,000  pounds.  Af'er  release  .£  th-  restraint  , 

plat  form  mt  tlcti  b>-igi.ns. 

•  Platform  Platform  Eytractl~n 

The  dual  rail  system  applies  lat  ioal  restraint  to  the 
pnraThat:!  plat  form  thet'-^by  preventing  lateral  meti  n 
ijring  extraction  of  the  rlatfonr.. 

®  Ma  4r«-  -Peta'^hut  e  D-np lo yment 

Th*-;  main  parachutes  are  d^.plcyed  from  the  parachute  platfcrm. 

•  Load  First  Moveament 

At  line  stretch  of  the  main  parachutes  the  lead  releases 
from  the  indent/detent  I'^cks  vhlch  had  been  set  at  a 
total  indicated  release  cf  0.5  g’s  based  on  the.  ’.oai 
weight . 


•  Recovftry 

The  mein  parachutes  recover  the  load  and  th^*.  dr^gu- 
CA'  o\ers  '■.he  parachute,  platform. 

2.  Cargo  Extracrirn 

Several  points  dut  ing  this  op'irat..''nal  sequence,  are  crltl'a  .. 
These  Include  the  f.'.nal  restraint  of  cargo  to  aircraft,  the  parachutes  per¬ 
formance,  and  the  aircraft's  safety.  A  | i^irermined  final  aft  restraint 
force  of  the  cargo  to  the,  aircraft  is  necessary  tc  insure  that  the  recovery 
parachutes  being  employed  to  extract  the  cargo  ar  ;  jrrv.iding  th-.  drag 
required  for  proper  low  altitude  performance,  ‘rce  l^w  an  exrractic''.  f  rce 
will;  (!'*  affect  '".he  entire  dr::r,  sequence  a»i  1  che.ng'  tht-  t^;r£ciTranv-  cf  f-. 
p,?.rac.h.utes  in  retarding  the  velocity  ar.d  cent  rolling  thf..  tra  je.r.to:  y  'f  th  -. 
'.argo  to  r.'..-.  extent  thi"  f'arg<  -.3  will  be  lose  ucc'i  Impa'C;’  and  (7.)  s*  r  fcuslp 
effe-'-  :.,:ntr'- 1  o*;'  the  £irc;''aft.  ’uring  extracticr  because  of  the  length  ci 
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time  that  an  extreme  center  of  gravity  location  change  la  In  effect. 

Extraction  forces  In  excess  of  1.5  g'a  are  prohibited  by  the  specifications 
because  of  the  strength  of  the  extraction  fittings  of  actual  cargoes. 

Therefore,  the  operational  range  for  extraction  forces  is  minimal. 

Tlie  model  A/A3211-4  dual-rail  cargo  handling  system  used  In  the 
C-130  aircraft  included  11  detent  latch  assemblies  mounted  on  each  side  of 
the  rail  assemblies.  Hie  left  hand  side  detent  latches  are  used  only  for  in¬ 
flight  restraint  purposes,  and  are  manually  released  prior  to  approach  to 
the  drop  zone.  The  right-hand  detent  latches  are  capable  of  being  set  at  a 
variable  aft  restraining  force  of  250  to  4000  pounds  each.  The  latch 
detents  aie  spring  loaded  such  that  they  engage  the  platform  Indents  when 
placed  In  the  engaged  position.  Tlie  platform  is  then  restrained  in  the  aft 
direction  an  amount  equal  to  the  force  preset  into  the  spring.  The  detents 
will  disengage  and  remain  disengaged  when  the  preset  force  Is  overcome  by  an 
aft-directed  force  (extraction  parachute)  on  the  platform. 

When  heavy  loads  using  the  longer  platform  lengths  and  multiple 
parachutes  are  being  extracted ,  al lowances  must  be  made  for  the  frictional 
forces  between  the  platform  and  the  rails.  This  fact  was  not  recognized  until 
the  cause  for  exceptionally  high  extraction  loads  in  the  four  parachute  airdrops 
was  investigated.  It  was  found  that  emperlcal  data  had  been  generated  to 
account  for  this  condition  and  that  a  restraint  setting  of  1/2  g  rather  than 
the  1.0  g  used  for  the  lighter  loads  would  suffice. 

To  prevent  cargo  movement  during  the  extraction  of  the  recovery 
parachutes,  it  was  necessary  to  use  an  aft  rail  restraint  setting  that  was 
greater  than  the  break  strength  of  the  preinflation  break  web  used  to  restrain 
the  recovery  parachutes  to  the  cargo.  The  need  for  the  preinflation  break  web 
was  to  affect  ballistic  extraction  of  the  recovery  parachutes  as  discussed  in 
a  previous  part  of  this  section. 

The  desired  operational  sequence  in  the  EXIARP  system  Is  chat 
the  aft  restraint  will  be  released  and  cargo  movement  will  begin  just  prior 
to  peaking  of  the. snatch  force  as  depicted  in  the  following  sketch. 


TIME 


3.  Parachute,  l-flatlon 


Tre  syster.  pert' .■'mance  is  dcpen  jf'.-'t  r ^be  ;.nf '.at  1- n  r  the, 
rc-cr'.'c vy  parachutes.  T  >o  rapid  an  Inflation  cf  the  pa-^achute  .,11.!.  cause 
structural  difficulties  to  both  the  parachitt'  -canopy  and  the  ..'.irgo  ext  ra':  “loi 
fitting.  Actual  flight  test  results  cn  this  prog-am  have  she xn  t  hat  'ho  vac  Id 
inflation  of  the  canopy  .'.an  cause  st  rue*  oral  tai'.  j  -e  oi  the.  -'snery  ne  ceis  a t 
pension  lines,  (This  .'ccur.vod  whe.i  a  parachute  disreeft..;  -•arlif  '^  than 
plaroed  'Jue  to  the  mall'u'. :  tl-n  of  a  reefing  \;iit;er.  )  'ihe  pr  -.M'-r  ;.u:  .a*  t  ■. 
SfQuence  Is  also  important  to  the  EXIARP  system  ,.f :  t-  rrr.an  e ,  The  deployment, 
of  the.  canopy  front  Its  bag  causes  the  snatch  force.  After  this  tcru*--  densys 
the  a.tual  inflation  of  the  ca.nnpy  begins.  Air  starts  to  rush  into  the  oa.'ccy 
mouth  and  inflate  the  canopy  as  depicted  in  Plgjve.  7  rr  page  14.  If  ailcved  to 
Inflate,  without  some  type  of  reefing  the  pa.ra''*'ute  '  pening  shock  force  veloped 
o.uuld  cause  the  parachute  to  fail  structurally.  Tberetcce,  a  teeflng  line  is 
inserted  in  the  o.anopy  skirt,  this  line  La  t'^readef  thrrugh  a  series  of  rings 
located  at  the  canopy  skirt,  and  four  reefing  ..utters  which  are  lonated 
symmetrically  about  the  periphery  of  the  skirt.  A  sb.crc  pie.;ft  of  line  is  tied 
between  the  reefing  nutter  and  the  deplcyment  bag  such  that  separatir.T  cC  the 
canopy  skirt  and  the  d'*£ployment  bag  causes  the  line  to  pull  an  arming  rin 
which  starts  tho  time  delay.  Tb'  cutters  scA/f-r  the  line  upon  activation.  The 
.renting  lin^i  limits  th>-  growth  of  the  canopy  diameter,  thus,  limiting  th« 
canopy  drag  foro-is  and  the  resultant  opening  shook  .ferce.  In  addition  to 
retarding  the  force  th«  reefing  .Mne  caust  'he  tr-al  parachute  inflation  t  .me 
to  Increase.  This  results  ir  higher  alrlt'-'C-^  Itssr.s  for  acc-ptabl#-  caegr  i.nra:t. 

To  reduce  the  Inflation  time  a  ; -;nr;erlir.«  has  been  ins-ri.  J 
bcitween  the  canopy  v-mt  and  the  ccnflue.nc.-.  point  rf.  the  parachut.^  risers  as 
illustrated  in  Figure  10.  Ih--^  use  of  a  9.S  .foct  centerline  has  Itrprcu'^i  th« 

total  parachute  performance.  The  mflaticr  tiire  has  been  r'sduce.d  significantly 
and  the  parachute  drag  has  t.'sen  increesfel  such  that  the  allowable  c&ncpy  loading 
was  i.ncreasad  troci  3500  to  5000  pounds  per  G-llA.  parachute. 

Clusterf.l  parachute  test  results  Indicated  a  need  for  a  second 
reefing  line  to  limit  the  parachute  opening  shock  force  after  fotce  transter. 
During  tests  clusters  of  three  and  five  parachutes  individual  parachute, 
forces  exceeding  19,000  pounds  were  experienc^id.  Nr  data  is  available  on  th': 
maxinium  force  limit  of  a  G-llA  perachute  r-.  paipp-i  with  a  centerline,  but  ctis 
level  of  for.;e  was  considered  likely  to  damage  the  r era. chute .  By  comput.'.ng 
the  skirt  diam.eter  based  cn  th  '  present  theory  ac  the  time  of  maximum  parachute 
fore-:-.:,  the  second  reefing  line  length  was  li  c -r.-mir.*-. i  tc  be  60  .t'f  '*.  for  «  r  lay 
time,  of  4  seconds.  The  tfcrhri.rue  of  rlgg-lng  rh.-.  dual-stage d  r-  efing  has  b-...^  n 
prevlr us iy  d .'.sc as se.c , 


IV. 


SYSTEM  ANALYSIS  METHODS 


A.  General 

Ttie  developr.tent  of  an  airdrop  system  for  uf^e  at  altitudes  of  500  feet 
or  less  has  been  performed  by  using  several  system  analysis  methods.  Those 
Include  model  testsi  dc:.iign  studlesi  flight  tests,  analytical  studies,  and 
systems  use  studies.  A  discussion  of  the  results  of  each  of  these  studies 
Is  presented  In  this  section. 

AAI  conducted  model  tests  of  parachute  modifications  designed 
to  improve  the  performance  of  the  parachute.  These  modifications  Included 
Inflectors,  centerlines,  and  combinations  of  Inflectors  and  centerlines.  The 
results  of  these  tests  were  u>?ed  to  predict  to  some  extent  t!ie  full  scale 
performance  which  could  be  expected  using  the  above  modifications. 

Design  studies  \%  -re  performed  to  either  improve  the  performance 
of  the  system  or  to  provide  a  greater  degree  of  system  ssfety.  To  improve 
the  performance  of  the  recovery  parachute  both  inflectors  and  centerlines 
were  designed.  To  provide  an  (vtraction  meuns  for  parachutes  used  in  clusters 
of  five  or  more,  several  extraction  platforms  were  designed.  Two  safety 
devices  were  designed  to  provide  a  greater  degree  of  aircraft  flight  safety 
during  deployment  and  inflation  of  the  parachute. 

In  addition  to  the  model  tests,  AAI  conducted  a  full  scale  flight  test 
program  consisting  of  two  phases.  The  first  phase  was  a  data  gathering  phase 
used  to  provide  inputs  for  the  computer  analysis  and  evaluate  system  compon¬ 
ent.  performance.  The  second  phase  demonstrated  the  performance  of  components 
used  in  clustered  configurations  and  demonstrated  system  feasibility.  The 
results  of  the  flight  tests  are  summarized  in  this  section. 

Analytic  studies  were  also  employed  to  evaluate  the  system.  These 
analyses  were  made  using  two-dimensional  computer  programs  developed  by  AAI. 
These  programs  were  also  used  to  study  the  effect  of  the  various  system 
paraneters  on  the  performance  of  the  system,  and  to  compare  the  results  of 
the  flight  tests  and  analytical  prediction  techniques.  In  addition,  the 
effect  of  high  altitude  drop  zones  cn  system  performance  was  studied. 

Studies  were  made  or  Che  operational  use  of  Che  system  and  a  briet 
description  of  studies  in  the  areas  of  mechanical  reliability,  human  relia¬ 
bility,  and  other  related  studies  is  given  in  this  section.  The  complete 
discussion  of  the  system  use  studies  is  presented  in  the  T.I.E,  (Technical 
Integration  and  Evaluation)  report  (2). 
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B.  Model  Tests 


W' 


The  purpose  of  the  model  test  program  was  to  permit  an  efficient 
survey  of  candidate  parachute  Inflation  aids  so  as  to  establish  those  tech¬ 
niques  which  were  worthy  of  full  scale  flight  tests.  Tlie  emphasis  in  this 
program  was  on  reducing  the  overall  time  to  inflate  tlio  parachute.  Additional 
areas  of  interest  were  identification  of  potential  problem  areas  and  inter¬ 
ference  effects  with  multiple  parachute  configurations. 

Scale  effects  with  parachutes  are  at  best  poorly  understood.  In 
particular,  it  is  not  possible  to  apply  a  linear  scale  factor  to  such  items 
as  canopy  material  thicknesses,  material  porosity,  thread  weights,  and  seam 
sizes.  These  problems  are  amplified  when  trying  to  scale  the  dynamic  situa¬ 
tion  of  parachute  Inflation  because  the  mass.  Inertia  and  stiffness  of  the 
parachute  are  significant  parameters.  By  not  being  able  to  scale  the  para¬ 
chute  directly  the  scaling  laws  of  rigid  body  motion  are  not  completely 
satisfied.  Tlie  addition  of  aerodynamic  considerations  tends  to  further  com¬ 
plicate  the  picture.  These  problems  impose  some  limitations  regarding  the 
extrapolation  of  data  and  require  that  engineering  judgement  be  exercised  in 
analyzing  the  results. 

Since  dynamic,  rather  than  steady  state,  information  was  the 
primary  goal.  It  was  decided  that  finite  mass  testing  would  yield  the  most 
useful  information.  That  Is,  the  deceleration  of  the  system  as  the  parachute 
is  deployed  should  be  taken  Into  consideration  since  the  velocity  of  the 
system  will  change  significantly  during  the  filling  of  the  parachute.  Tlie 
largest  possible  parachutes  were  used  in  an  attempt  to  reduce  the  magnitude 
of  the  errors  caused  by  large  scale  factors.  Tliese  two  considerations  led  tiJ 
the  conclusion  that  data  for  the  present  program  could  best  be  obtained  by 
flight  tests  as  opposed  to  wind  tunnel  or  tow  tests. 


Past  experience,  and  the  literature  (3)  indicate  that  for  incom¬ 
pressible  fluids  scaling  on  the  Froude  Number  is  tlie  proper  basis  for  dynamic 
scaling,  where 


Froude  No, 


Inertia  Force 
Gravity  Force 


V 


V  =  velocity 

L  =  characteristic  length 
g  =  gravitational  constant 


Defining: 


\  =  scale 


factor  = 


^full  scale 
^mod  e 1 


33 


Then,  for  constant  *'g". 


Wm 

-  Wf 

<W  * 

weight) 

'^m 

* 

/X 

(V  = 

velocity) 

„  2 
'■  "-f 

X 

vt  * 

/  i 

time) 

e-  a^ 

(a  * 

acceleration) 

Two  basic  cases  were  of  interest:  a  ojOO  pound  cargo  with  ouj  G-llA 
parachute  and  a  10,500  pound  cargo  with  three  G-llA  pirachutes.  It  was  thought 
that' these  two  cases  would  serve  to  establish  the  characteristics  of  the  candidate 
systems  and  to  represent  a  reasonable  tradeoff  between  complexity  of  setup  and 
comnletene^is  of  data.  Therefore,  a  pneumatic  ^ctapult  was  designed  to  launch  a 
10  foot  diameter  parachute  and  e  3.5  pound  c.  t^o  at  a  speed  of  80  £ps.  This 
corresponds  tu  extracting  a  3500  pound  cargo  from  an  airplane  traveling  150  knots. 
By  designing  to  these  values  it  was  also  possible  to  accomnicdate  a  cluster  of 
three  S-foot  parachutes  with  a  i.2  r'^und  cargo  and  dev«ilop  a  launch  velocity  of 
57  feet  par  second.  This  cor' eaponds  to  a  10,500  pound  cargo  with  three  G-llA's 
at  150  knots. 

The  catapult  is  illustrated  in  the  schematic  of  Figure  17  and  the 
photograph  of  Figure  18.  The  catapult  operates  in  the  following  manner. 

The  p«arachute  and  lead  are  placed  in  the  launcher  support  chute  and  the 
pusher  arm  is  placed  against  the  rear  edge  of  the  cargo.  The  cylinder  Is 
pressurized  to  the  desired  level  with  air  f^'om  a  compressed  air  cylinder. 

At  the  desired  time  a  latch  is  released  allowing  the  piston  to  move  forward. 

The  lead  is  accelerated  through  a  distance  of  two  feet.  At  this  time  the 
piston  passes  the  vent  holes  in  the  cylinder  and  is  subsequently  buffed  by 
the  remaining  column  of  air.  The  deceleration  causes  the  pusher  arm  to 
foil  out  of  th^  way  so  as  not  to  Interfere  with  the  parachute  as  It  continues 
on  at  constant  velocity. 

Due  to  difficulty  in  obtaining  the  size  parachutes  required,  a  12 
loot  parachute  was  the  only  size  available  within  the  specific  time  frame 
allotted  to  the  model  test.  The  12-foot  parachute  yields  a  scale  factor  of 
8.35  on  the  100  foot  diameter  G-llA  parachute.  This  factor  dictates  a  scale 
weight  of  6  pounds  to  simulate  a  3500  pound  cargo  and  indicates  that  velocities 
of  64  to  88  f  .  per  second  will  represent  110  to  150  knot  full  scale  air- 
spe-.ds.  Initial  tests  with  the  12-foot  parachute  and  6-pound  load  showed 
chat  the  pataohuCa  was  too  lightly  loaded.  It  tended  to  Inflate  to  a  flat 
configuration  rather  quickly.  The  problem  was  that  the  conventional  parachute 
loading  parameter  W/CjjA  had  been  i educed  by  a  factor  of  \  because  W  varies 
as  A''  and  A  varies  as  Hence,  in  order  to  satisfy  dynamic  scaling  it  was 

iiecessacy  to  A^iolate  static  scaling.  Since  the  Inability  to  scale  ma.terlal 
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PHOTOGRAPH  OF  LAUNCHER  TEST  FIXTURE 
Figure  18 


i 


thickness  directly  gave  an  overweight  parachute,  it  was  tliought  reasonable 
to  Increase  the  cargo  welglit.  This  Increase  would  tend  to  compensate  for 
the  improper  parachute-cargo  weight  differential  and  also  give  a  more 
realistic  canopy  loading  factor.  The  cargo  weight  was  arbitrarily  increased 
to  9.75  pounds.  This  Increase  in  weight  gave  the  parachute  a  more  reasonable- 
opening.  However,  it  can  be  seen  in  the  data  that  in  general  the  parachutes 
still  inflated  to  a  diameter  of  about  11  feet.  It  is  thought  that  the  motion 
of  the  parachute  la  a  good  representation  of  the  dynamic  situation  until  a 
diameter  of  about  8  feet  is  achieved.  After  this  point  the  system  is  moving 
so  slowly  that  the  situation  is  more  nearly  static  than  dynamic  and  the 
effects  of  the  light  canopy  loading  are  being  felt. 

The  unmodified  12-foot  parachute  weighed  1.69  pounds.  Together 
with  the  9.75  pound  cargo  this  increase  in  weight  over  the  design  weight  for 
the  launcher  limited  the  launch  velocity  to  about  50  feet  per  second.  This 
corresponds  to  a  full  scale  speed  of  85  knots.  While  this  velocity  is  some¬ 
what  below  the  true  operating  range,  the  effect  of  testing  at  the  lower 
velocity  should  only  be  reflected  in  the  magnitudes  of  the  filling  times  and 
not  in  their  positions  relative  to  each  other. 

Four  parachute  configurations  were  tested:  unmodified,  vent  pull 
down,  inflector,  and  vent  pulldown  plus  inflector.  For  these  tests  control 
line  lengths  of  12.25  and  11  feet  were  used.  Significant  differences  in  filling 
time  due  to  a  change  in  line  length  were  not  apparent.  The  inflector  concept 
has  been  tested  by  Stencel  (4)  and  shows  promise  of  reducing  inflation  times. 

The  inflector  design  was  based  on  the  size  recommended  in  Reference  (4)  for 
the  G-llA  parachute.  Lack  of  time  precluded  testing  of  different  size 
inf lectors.  The  vent  pull  down  plus  inflector  configuration  was  simply  the 
addition  of  the  vent  control  line  to  the  parachute  with  the  inf lectors. 

A  total  of  29  model  tests  were  conducted.  Several  tests  were 
eliminated  from  Cu.iSlderatlon  because  of  a  sudden  head  wind  which  gusted  Just 
as  the  parachute  was  launched.  Others  were  eliminated  because  of  fouling  of 
suspension  lines  or  a  severe  twisting  of  the  parachute  which  hampered  open¬ 
ing.  These  problems  were  probably  due  to  inconsistencies  in  the  launch  and 
in  parachute  packing.  If  the  push  rod  was  not  aligned  with  the  cargo  center 
of  gravity,  the  cargo  tended  to  tumble  in  flight.  This  in  turn  could  cause 
some  twisting  of  the  lines.  An  attempt  has  been  made  to  consider  only  those 
tests  in  which  a  clean  launch  was  made  and  in  which  there  was  essentially  no 
wind . 

The  following  table  gives  the  average  times  to  inflate  the  parachutes 
to  4-foot  and  8-foot  diameters.  It  is  thought  that  tViese  two  values  give 
a  reasonable  measure  of  the  relative  merits  of  the  various  inflation  aids. 

As  previously  stated,  it  is  doubtful  that  the  results  should  be  considered 
beyond  the  time  to  inflate  to  an  8-foot  diameter  because  the  velocity  is 
reduced  to  almost  zero  and  this  obviously  does  not  simulate  the  full-scale 
condition.  The  8  feet  also  corresponds  to  the  approximate  diameter  of  a  12- 
foot  flat  circular  parachute  in  a  steady  state  descent. 

37 


J 


PARACHOTE  F1LLI>K3  TIMES 


Patachu'-i  Ivpe 

lim?.  ‘Sec  1 

Psraohute 

Diameter 

«•  F*-.. 

8  Ft. 

Unmodified 

.46 

1.7.6 

Vent  Pull  Town 

.21 

.61 

Infle  -tcc 

OP 

.76 

Vent, Pull  Down  & 

_ lailgsfcci _ 

.35 

— 

.70 

1‘:  'an  b«  seen  that  all  of  ths  inflation  aids  significantly  rsduced  the  time 
to  fil?.  the  parachutes,  with  the  vent  pull  dotvti  technique  having  the  shortest 
inflation  time.  The  vent  pull  iovm  was  particularly  effective  in  getting  the 
infietten  started  early  and  then  maintaining  a  geed  i*ete. 

Agr  eement  between  different  tests  of  a  given  configuration  Is 
good  vith  an  exception  of  ths  vent  puli  down  plus  inf lector  design.  Both  the 
fastest  and  the  slowest  modified  parachute  inflation  times  were  recorded  with 
this  design.  These  results  suggest  that  this  design  may  have  the  greatest 
potsntialj  but  may  also  be  r.hs  least  consistent.  This  aspect  of  the  problem 
was  studied  carefully  in  the  full  scale  tests. 

Several  two-parachute  configurations  were  launched  in  an  effort  to 
establish  the  effects  of  the  inflation  aids  on  the  filling  of  clustered  para¬ 
chutes.  As  stated  earlier,  it  had  been  planned  to  conduct  these  tests  with 
clusters  of  three  5-foot  parachutes,  but  the  inability  to  procure  ths 
parachutes  within  the  allowable  time  frame  limited  testing  to  the  12- foot 
units.  Structural  limitaticns  of  the  catapult  precluded  launching  heavier 
simulated  cargoes  so  it  was  necessary  to  use  the  9.75  pound  weight  with  the 
two-parachute  clusters.  Since  a  single  parachute  was  capable  of  decelerating 
the  cargo  at  a  rapid  rate  it  is  tfficult  to  draw  strong  conclusions  from 
the  cluster  test  data.  If  one  pitrachute  got  ahead  of  the  other  durii.g  the 
first  tenth  of  a  second  of  filling,  it  decelerated  the  system  very  quickly 
and  the  second  parachute  did  not  fill.  If  the  two  parachutes  started  to  fill 
at  the  same  instant  they  usually  continued  at  a  fairly  uniform  rate.  A  plot 
nf  parachute  diameter  versus  time  for  a  clust'.r  of  two  12-foot  parachutes 
witn  :nf lectors  is  shown  in  Figure  19.  The  fa*'.!  that  the  filling  time  is 
longer  than  for  the  single  parachute  is  due  partially  to  some  interference 
effects  b2tween  the  parachutes  and  partially  to  the  fact  that  with  two  para¬ 
chutes  the  system  decelerates  sc  quickly  that  the  mass  rate  of  flow  of  air 
into  the  parachutes  is  reduced.  The  following  table  summarizes  the  general 
oerformances  cf  the  clustered  parachutes. 
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FILLING  TIME  -  TWO  12  FT.  DIAMETER  PAEtACHUTES  WITH  INFIfCTORS 


TIME  .  SEC 


Configuration 

Both  Parachutes 
Opened  uniformly 

One  Parachute 
tagged  Badly 

Unmodified 

1* 

1 

Vent  Pull  Down 

1 

1 

Inflector 

3 

Vent  Pull  Down 
plus  Inflector 

0 

3 

*  This  number  deslgnetes  the  number  o£  tests 


It  will  be  recalled  that  the  widest  variation  in  performance  with 
the  single  parachutes  was  with  the  vent  pull  down  plus  inflector  design.  This 
result  and  the  above  cluster  result  suggest  that  this  configuration  will 
present  the  most  problems  in  full  scale  tests.  The  vent  pull  down  or  the 
inflector  holds  promise  of  reducing  the  filling  time  of  a  parachute  by  a  factor 
of  two.  From  an  operational  point  of  view,  the  vent  pull  down  configuration  is 
probably  preferable  since  it  requires  a  minimal  modification  to  existing 
hardware . 
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C.  Design  Studies 


Several  new  pieces  of  hardware  were  designed  while  conducting  the 
flight  tests  to  either  Improve  the  system  performance  or  to  provide  a  greater 
degree  of  safety  for  the  EXIARP  system.  Tills  hardware  Included; 

Multi-line  snatcli  force  attenuator 
Suspension  sling  attenuator 
Parachute  inflectors 
Parachute  centerline 
Parachute  extraction  platform 
Fall-safe  and  breakaway  safety  devices 


Multiline  Snatch  Force  Attenuator 

Since  the  extraction  force  connection  fittings  on  all  airdrop  loads 
are  designed  to  carry  a  maximum  working  load  of  1.5  g's>  the  forces  applied 
to  these  fittings  by  the  main  parachutes  during  their  deployment  and  Inflation 
must  be  kept  below  that  limit. 

The  device  developed  is  shown  In  Figure  11  and  is  termed  the  multi¬ 
line  attenuator.  It  consists  of  four  lines  of  5/8  inch  diameter  undrawn  nylon 
line  in  parallel  with  a  10  foot  long  safety  line.  When  the  parachute  lines 
become  taut  during  the  deployment  sequence,  force  is  applied  to  the  undrawn 
nylon  lines.  These  lines  elongate  until  the  safety  line  begins  to  carry  the 
parachute  force.  The  lengths  of  the  safety  lineand  nylon  lines  were  selected 
such  that  the  undrawn  nylon  line  when  stretched  to  uhe  safety  line  length, 
had  an  elongation  of  350  percent.  This  elongation  results  in  a  nearly  con¬ 
stant  force  energy  absorbtion.  The  tensile  force  versus  elongation  curve 
shown  in  Figure  20  for  a  one  inch  diameter  undrawn  nylon  line  shows  that  after 
an  elongation  of  757,  and  prior  to  an  elongation  of  3507,  the  force  required 
to  stretch  the  line  is  nearly  constant. 

Suspension  Sling  Attenuator 

Each  suspension  fitting  of  airdroppable  loads  is  limited  to  1.5  g 
due  to  design  constraints  imposed  on  these  fittings.  To  limit  the  force 
applied  to  these  fittings,  an  attenuator  similar  to  the  snatch  force  attenu¬ 
ator  was  employed.  The  undrawn  nylon  lines  were  rigged  in  parallel  with 
existing  suspension  slings.  For  the  suspension  sling  lengths  used  in  the 
flight  tests  the  undrawn  nylon  line  length  was  selected  to  maximize  the  energy 
absorbtion  capabilities  of  the  nylon  lines.  After  numerous  flight  tests  the 
most  desirable  combination  of  undrawn  nylon  lines  was  determmed.  This  con¬ 
figuration  was  to  install  two  undrawn  lines  parallel  to  each  aft  suspension 
sling  and  one  line  parallel  to  each  forward  sling  per  parachute.  Consequently, 
a  three  parachute  configuration  would  use  6  undrawn  lines  on  each  aft  sling 
and  three  lines  on  each  forward  sling. 
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The  primary  nurpoee  of  using  these  suspension  sling  attenuators 
was  to  limit  the  suspension  forces  to  1.3  g's.  However,  an  additional 
requirement  was  to  obtain  a  system  which  minimized  the  time  interval  after 
force  transfer  when  no  parachute  force  was  being  applied  to  the  cargo.  In 
the  present  airdrop  system  significant  altitude  is  lost  during  the  force 
transfer  phase  because  the  parachute  deceleration  force  is  not  being  applied 
during  the  time  required  to  extend  the  suspension  slings.  Figure  21 
illustrates  this  occurrence. 

Parachute  Inflectors 

Model  tests  conducted  by  Stencel  Aero  Engineering  have  revealed 
the  possibility  of  decreasing  the  canopy  inflation  time  with  the  use  of 
inflectors  sewn  into  the  skirt  area  of  the  canopy.  The  purpose  of  the 
inflector  is  to  generate  a  radial  force  component  at  the  canopy  skirt  and 
aerodynamically  force  the  canopy  skirt  open  as  illustrated  in  Figure  22- 
This  Inflation  aid  reduces  the  lag  time  between  the  rapidly  inflating  apex 
segment  of  the  canopy  and  the  canopy  skirt;  hence,  decreasing  the  Inflation 
time  and  improving  the  aerodynamic  performance  of  the  parachute.  To 
determine  the  effect  of  using  an  inflector  at  the  canopy  skirt,  several 
different  size  and  type  inflectors  were  designed. 

The  first  type  of  Inflector  inflation  aid,  shown  In  Figure  23 
used  a  nylon  web  to  hold  the  canopy  skirt  out  in  the  airstream.  The  web  was 
attached  to  the  canopy  by  cutting  the  suspension  line  free  from  the  connector 
link  and  piercing  a  hole  on  the  inside  of  the  canopy.  The  suspension  sling 
was  then  pulled  through  the  pierced  hole  and  reattached  to  the  connector 
link.  The  inflector  web  was  then  stitched  to  the  canopy  and  suspension 
line,  and  the  reefing  ring  stitched  in  place.  Circumferential  bands  were 
added  to  the  canopy  above  the  pierced  hole  to  provide  reinforcement  for 
the  canopy.  Three  different  size  inflectors  of  this  type  were  fabricated 
for  use  in  the  flight  test. 

The  second  inflector  design  simplified  the  parachute  modification 
and  decreased  the  fabrication  time.  Shown  in  Figure  24,  this 
inflector  replaced  the  triangular  web  with  a  nylon  band.  The  method  of 
attachment  and  reinforcement  remained  the  same. 

Parachute  Centerline 


A  second  inflation  aid  used  was  the  apex  control  line  or  center- 
line.  The  centerline  was  a  heavy  nylon  web  with  a  break  strength  of  approxi¬ 
mately  15,000  pounds.  This  line  was  attached  between  the  canopy  apex  and 
the  confluence  point  on  the  parachute  risers.  Figure  10  on  page  18  illus¬ 
trates  the  centerline  inserted  in  the  parachute. 
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INPI.ECTOR  PARACHUTE  OPERATION  PRINCIPLE 
.-'IGURE  22 
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ftsvtoiia  ttudlafi  r«v6«Ud  that  using  a  canterl^nt  reduced  the 
inflation  time  because  the  centarltne  carried  approximately  30  to  50  percent 
of  the  parachute  foreei  hence  reducing  the  force  in  each  suspension  line. 
Since  the  total  suspension  line  force  is  reduced,  the  radial  component  of 
that  force,  which  tends  to  retard  the  outward  motion  of  the  canopy  skirt, 
is  reduced.  This  results  in  a  more  rapid  inflation  of  the  parachute  canopy. 

In  addition  to  decreasing  the  inflation  time,  the  center liue 
increases  the  load  carrying  capability  of  the  canopy.  This  results  from  the 
change  in  canopy  shape  which  occurs  when  a  canterline  la  installad.  The 
canopy  tanda  to  flattsn  out  and  tha  drag  araa  la  consaquently  increased 
provided  the  proper  centerline  length  is  used. 

Parachute  Extraction  Platform 

Cluaters  of  up  to  and  including  four  parachutes  have  been 
successfully  extracted  through  the  aircraft  cargo  compartment  during 
previous  taat  programs.  However,  tite  lack  of  adequate  clearance  between 
the  parachutes  and  the  sides  of  the  aircraft  and  the  aircraft  ramp  when 
more  than  four  parachutes  are  uaed,  required  that  a  new  extraction  tech¬ 
nique  be  developed.  To  accompliah  thla  a  parachute  extraction  platform 
was  designed  S'ud  is  shown  in  Figure  25  .  This  platform  cpnsi^^^^ 

oltht»foot  rail  see tlona -with  a  four^fdet  modular  ^anel  rivstsd  beVwean 
them  flush  with  tha  forward  end.  An  aluminum  stiffener  bar  was  attached  to 
the  aft  end  on  the  rails  using  two  sttachment  blocks.  These  same  blocks 
were  used  for  attachment  of  a  "V"  typa  extraction  line.  Restraint  of  the 
parachutes  to  the  platform  was  acconpltahad  by  tying  lines  from  the  para¬ 
chute  bags  to  the  rails  and  to  two  ehaths  strung  diagonally  from  the 
aluminum  attachment  blocks  to  the  opposite  rail.  Flight  test  of  this 
platform  revealed  that  it  was  unsafe  for  uae;  consequently  two  additional 
extraction  platforms  were  designed.  These  platforms  have  not  been  tested. 

The  "structured"  extraction  platform  design  is  shown  in 
Figure  26  ,  and  is  made  up  from  two  eight-foot  rail  sections  cut  to  a 

length  of  five  feet.  A  four-foot  modular  panel  Is  riveted  to  the  rails 
flush  with  the  uncut  end  using  standard  rivet  locations.  This  leaves  a 
one-foot  length  of  rail  protruding  at  the  aft  end  of  the  platform.  This 
additional  one-foot  length  is  provided  for  the  attachment  of  the  structural 
members  shown  in  Figure  26  «  It  also  Increases  the  platform  length-to- 

wldth  ratio.  Although  the  feasibility  of  deploying  a  four-foot  long  modular 
platform  was  demonstrated  and  reported  by  Walters),  it  Is  felt  that  this 
Increase  in  length  will  provide  an  additional  margin  of  safety  in  preventing 
binding  of  the  parachute  platform  In  the  rail  system. 
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Tht  «dM<t  ts  ttr«  fiUtfoMi  ewMUt  of  oovoral 

voi^ieol  maHmm  ^ 

wiehttoi^  tfio  nixiffluin  g  fofooi  dovolo^  by  a  21  fe*  rings  lot  yarachtttOf 
(This  paraeli«ca  la  «taa4  for  axtraetten  and  ths  rscovary  of  tha  paraehuto 
platform.)  Tha  axtraetlon  platform  struoturo  providaa  for  shifting  tha 
sttaclimsnt  location  of  the  *V*  t^  Oxtraetion  bridla  so  that  tha  axtraetlon 
fores  ta  sppltsd  directly  through  tha  center  of  gravity  of  the  parachutes 
and  plat  form)  since  the  c«g.  shifts  with  the  change  In  recovery  parachute 
number. 


The  main  parachutes  are  restrained  to  the  parachute  platform. 
This  iu  accomplished  by  tying  4000  pound  breaking  strength  nylon  web  through 
the  parachute  bridle  attachment  points  and  around  the  horiaontal  tubes. 

The  top  ^rj^ute  is  rectrained  by  loops  of  4000  pound  breaking  strength 
nylon  webs  tied  through  the  parachute  bridle  attachnwnt  points  and  the 
autachmeat  point  provldad  in  tha  top  of  the  vertical  plates.  The  restraint 
is  provided  by  loops  of  1000  pound  braak  strength  nylon  cord  tied  through 
the  bag  handles  and  tie-down  rings  on  the  platform. 

After  the  extraction  of  the  platform  and  deployment  of  the 
main  parachutes  has  been  completed,  the  rlngalot  parachute  recovers  the 
parachute  plat fom_an(^a^M^A4huta_bagi.t^l  Tha^-termlnal  velocity  of  the 
s trubtufiinr plat foinn  and  p  bags  belng  decelerated  by  a  28-foot 

ringslot  parachute  is  defined  in  the  following  table. 


These  .velocitiee  will  be  low  enough  to  prevent  damage  to  the  parachute 
platfsrmV 

^though  the  selection  of  the  ringslot  parachute  has  been 
based  primarily  on  its  ability  to  recover  the  parachute  pletform  without 
structural  damage,  its  sice  is  also  important  for  proper  deployment  of  the 
main  parachutes.  As  the  else  of  the  ringslot  decreases  for  a  given  number 
of  main  parachutes,  the  time  to  deploy  them  increases.  Since  the  parachutes 
experience  the  force  of  gravity  during  deployment,  he  increase  in  time 
causes  an  Increase  in  the  vertical  drop.  ii\is  "sag"  could  have  two 
detrimental  affects.  First,  the  riser  extlnVlon  lines  could  rub  on  the 
aircraft  ramp  edge  and  be  damaged  or  catch  on  a  roller  and  pull  a  section 
of  rollers  loose.  Second,  the  "sag"  would  decrease  the  initial  altitude 
of  the  parachutes,  thereby  Increasing  the  possibility  of  experiencing 
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wiKtfteii  feeeitrt#  fnmiffietrnt  «Uttu<l«  4#qul4  ex^int  tn 
4«e«4«Mt*  einrii9.  Tt  Tm  i^rcrare  nikvieut  that  it  Ih  extremely 
ln^p^rCMt  to  ntracf  'loploy  tha  main  pttachuCaN  am  rapidly  an  poHMibU*. 

The  diraet  axtractlon  design  haa  the  desirabto  faaturc  that  the 
nao  Itardoara  ragulred  ta  mlntmai.  ‘flie  extraction  platiorm  design  ix  similar 
to  that  propoied  for  use  with  the  structured  platform  concept.  A  four-fnot 
modular  section  with  two  rglla;  cut  to  four-foot  lengtlis  makex  up  the 
extraction  platform.  Tlie  required  tiedowns  of  the  parachute  bags  to  the 
platform  are  made  using  standard  cord  which  Is  a  stock  item  In  the  U.  !i. 
army  Airdrop  inventory.  Tlie  parachute  bags  will  be  lied  to  each  other  thrnugii 
the  carrying  handles  to  Improve  the  tiedown  of  the  bags  to  tlie  platform. 

To  devalop  the  correct  confluence  point  of  the  lines  from  the 
bags  to  tha  extraction  parachute  riser  extension!  a  series  of  spacia)  types 
of  bridles  is  used.  A  typical  series  of  lines  and  bridles  is  illustrated 
in  Figure  27  for  a  six  recovary  parachute  configuration.  For  example  the 
five  and  six  parachute  bag  ataeks  have  different  eenter-of-gravlty  locations 
causing  the  location  of  the  confluence  point  of  the  bag  connection  tines  to 
vary . 

Tha  additional  hardware  needed  in  tha  direct  extraction  concept 
is  a  connecting  bracket  for  the  line  from  the  clevis  of  the  four-legged 
bridle  to  attach  to  the  platform.  Three  connecting  brackets  are  required 

to  attach  each  of  the  recovery  parachute  bags  In  the  bottom  r^  of  the _ 

parachute  stack  to  the  platform,  ^htaa  connactori  bah  ba  attachid  to  tha 
existing  platform  structure  without  modifying  the  modular  platform.  Tha 
approxlmata  location  of  chasa  componants  and  tha  mathod  used  to  attach  them 
to  tha  platform  is  shown  in  Figure  27. 

The  design  tUustratid  in  Figure  28  for  these  connecting  brackets 
is  typical  of  tha  final  configuration.  The  bracket  can  be  riveted  to  the 
aft  end  of  the  platform  without  any  difficulty. 

In  tha  event  that  a  cargo  would  Jam  in  the  rails  during  the 
extraction  of  tha  load,  tha  high  forces  which  would  then  be  applied  to  the 
aircraft  by  the  inflating  parachotas  would  poae  a  safety  problem  to  the 
aircraft.  Xn  order  to  eliminate  this  problem,  a  mechanism  was  needed  to 
provide  a  parachute  Jettisoning  capability  If  the  cargo  did  not  move. 

N 

To  provide  this  capability  a  fall-safe  safety  fitting  was  designed. 
The  fail-safe  safety  fitting  is  a  mechanically  operated  latching  mechaniam 
coupled  with  a  safety  break  link  designed  to  separate,  and  thus  release 
the  parachutes  In  the  event  of  a  Jammed  load  in  the  aircraft. 
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FIGURE  28 


Hpwcviftti  in  normal  oparatlon  an.  tha  load  bagins  to  oxt  ract  frpm  t lie  airplane » 
the  flrai:  motion  operate  a  a  nTeohanlcal,  latch  which  1 8  designed  to  allow 
the;  fitting  to  accept  the  full  recovery  force  of  up  to  3.0  g'». 

Figure  29  shows  a  cross-sectional  view  of  the  safety  fitting.’ 
As  can  be  seen  from  the  drawing,  it  connists  of  seven  major  parts.  Two  of 
these  are  end  connectors  which  connect  the  link  in  series  v;ith  the  system. 
Near  the  aft  end  an  adapter  provides  the  means  of  attaching  the  aft  end 
connector  Co  hoth  the  break  link  end  the  outer  lock  sleeve.  The  outer 
lock  aleeve  contains  , a  guide  gr«»ve  ahd’ the  of  the  locking  lugs. 

The  forward  end  connector  Attaches  tc  the  inner  lock  piece.  This  has  a 
Spiral  cam  'g^rp:pve  (to  provided for  looking)  and  the  male  locking 
lugs,  ti:  also  has  an  internal 'ahoulder  that  h  of  the  break 

linki  The  actuating  '1eevc^;  fits  over  bod  inner  lock  piece  and  the 
outer  sleeve  and  has  attachment  loop  on  the  outside  to  connect  a 

static  line  to  the  alrr-faft,"  It  also  contains  a  guide  pin  which  fits  into 
a  straight  groove  on  the  outer  lock  sleeve  and  a  camming  pin  which  rides 
in  u  cam  groove  in  the  Inner  lock  piece.  First  motion  of  the  load  causes 
the  sta^^ttc  line  to  mdy^.  the  actuailng  sleeve  forward  and  the  cam  to  rotate 
thC^locking, lugs  into  engagement . 


In  its  ncrmai' ready  position,  the  nply  connection  between  the 
load  and  tile  par^^  la  through  the  bre^k  link,  A  shear,  pin  through 

the  outer  lock  sleeve  and  through  the  inner  lock  piece  prevents  accidental 
rotation  and  lockup  of  the  lugs.  A  roll  pin'  through  the  outer  locking 
|;ip.^y,e.  praventjs  unwanted  axial  niotion  in  the  adapter.  In  order  to  prevent 
ihe  lAloc king'  Once  the  lugs  have,  been  rotated  into  the  lock 

position  a  small  leaf  spring  is  provided  that  snaps  up  when  the  operating 
Sleeve  has  moved  through  Ifsfnll  travel  and  prevents  any  return  motion, 

,  '  _  A  second  safety 'device  utade  use  of  an  Air  Force  go-no  go  fitting 

which,  whepi  used  in 'conjunction  with  the  guillotine  cutter,  would  provide 
the  required  jettison  capability*  However,  to  jettison  with  the  go  no-go 
fiCtlBjf  i'the  guillotine' cutter  must  be  manually  actuated  whiph  means  that 
the  system  is  nOt  fail  safe,  A  breakaway  Safety  fitting  was'  designed  to 
add  a  fall-safe  feature  to  th)s  jettison  capability, 

,Tb^s[  uni uses  the  same  break  link  that  is  used  in  the 
previously  de^fibed  safety  fitting.  The  link  is  held  between  two  adapters 
as  'shown  in' Figure  30  The:  aft  And  connector  illustrated  in  Figure  29 
is- visaed' as  d'ne  of  these  adapters,.  <;'■  "A-. 


’  In  its  norr.ial  ready'  position  the  extraction  force  is  carried 

entirely  through  the  break  link  and  the  go  no-go  fitting  is  in  the  open 
position,  held  together  only  ty  a  small  shear  pin.  As  the  load  begins  to 
meva,  the  safety  fitting  is  carrying  the  extractioxi  force  while  tlje  first 
motion  of  the  load  is  causing  the  lanyard  to  move  the  go  no-gp  fitting 


ACTU/ 

SLEE\ 


LANYARD 


TO  CONFLUENCE 
POINT  OF  SLINGS 


AFT  BHD  CONNECTOR 


BREAK  LINK 


FAIL-SAFE  SAFETY  FITTING  CROSS  SECTION 
Figure  29 
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BREAKAWAY  SAFETY  FITTIMG 
figure  30 


Into  its  lockiid  pofltlon*  Afttr  whan  tho  cuttar  euta  tha 

axtraetlon  llna*  tha  aafaty  fitting  no  longar  has  any  load  and  ti  In  affact 
out  of  tha  systami 

If  for  aoma  raason  tha  load  Jama  In  tha  alrplana,  two  aafaty 
means  exist*  A  eraw  mamber  may  manually  operate  tha  transfer  cutter 
guillotine,  or  if  tha  axtraetlon  forces  exceed  1*75  g's,  tha  safety  fitting 
break  link  will  automatically  break  and  free  tha  parachutes,  since  tha  go 
no«go  fitting  Is  in  Its  open  position  before  first  motion  of  tha  load* 

Although  these  devices  were  presented  to  the  Air  Force  for 
use  during  the  test  program,  they  were  never  used*  It  was  felt  that  the 
use  of  Che  go  no*go  safety  device  In  conjunction  with  the  guillotine 
cutter  would  provide  sufficient  aircraft  safety* 
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D.  Flight 


I.  nis..-u88lor:. 


AAI  phesft  .::L„ght  tr-gram  t>f"  s.bjM 

r.oxxtrftC'.t,  A  total  :<F.  ;]9  ats  wb'’>'  t  onJuct^l  d';r..ng  this  t'rcgtrtn:.  I'hftse 
test-s  incilu-'n 'I  salfety  vritti  off  testSi  cc‘3i?':o,*.r.t.  t  ’.sts,  aun  syst^im 

t  '.sfcs.  TCiSSQ  w.'ir=i  t-  h-ji  by  aystam  rrt'ttoxistrj.tlonB  but.  th/i  ly 

tyrmlwition  of  th*i  test  {.‘'•cgram  prevent-?,.-!,  all  ?  d^.n.cnstrati  '-'  r->st;s  *;  r-tri 
baing  run.  All  t^st.lng  -i«as  do-na  at  tha  6511*!.:^.  .ast;  Grc'up,  Naval  At’.'  Fa'‘’.i,.l.'.',v’» 

El  Cantro,  Callfcrnle  ualxig  C-130  aircraft.  TL'i  last  factlicy  prov •.!-"!  tho. 
aircraft  an4  support  for  tfea  rigging  of  tha  losa^,  a.lrurAi't  Loading,  o.l-3if.rl.ng 
or  the  dr-'-r.  ,  and  ocer^.tlon  of  th-.  sj-i^;'.e’.  G' o-';;- >: -o  od  instri.;Trr*jnt5  tic*:.. 

This  Lnstrumt'-:nt9.ticn  mctl.on  p  .iturn  -  c  r  -ag  -  b  tV  a.i.r  and 

ground;  transmisslott  and  r ■"•cording  of  tisst  data  by  tni^im-.t.vy;  an:  cLti- 
theoiC(lit-e  tracking  of  the  cargcMS.  AAt  pr:.‘-.'i.i= !  t-':''hnlr.aL  anf  su-rr *■***:.  p-ir'Srnn'--, 
at  tha  tast  facility  tci  insur«  t-ac  the  teat  r.r-.graTh  vaa  ncnd^jctud  In  ar,,  ^c.- 
padltioua  meaner  and  that  valid  results  ver.3  obt.s^.ned. 


Phase  1  of  tha  test  program  ernsisted  of  a  total  c£  fcwryity-fcu:'? 
te.sts,  and  vas  dealgn'.d  primarily  aa  a  data  gathftrf.ng  phase.  Data  ■'■,  •'he  i-.r^ 
■f orind.at ti  .-  £  t.h«  vdr  Lcus  system  components  as  v-ill  as  th/  saf-ity  wrir.-; -r  il  r  f 
some  of  these  compenants  was  obtaintii  da.ring  th.’.a  phase.  This  data  also 
provided  inputs  for  trada-off,  sensitivity,  a-.?!  *“r.»l8tnncy  of  perf'Drmanuft 
analyses. 


Phase  II  of  th-\  test  program  .-as  !*^sifn.fci  to  p-evr.  out  the 
retforman-rf^  of  the  system  eomponanta  when  viSed  in  multiple  parachirta  drop 
configuratlnna,  and  tc  i^monatrate  the  fr.aslbMity  of  the  system.  A  trial  of 
fiftdien  ttsts  x*.„re  conduct  =  1  in  attempting  tr  iiccomtlish  the  abov^i  c,.bje.-..fi,r»-’.s. 
rb.K  romp  -nenta  which  a.>:hlbltea  the  best  pftrfctmar.f.e  ;  r*.  the  Phast:  I  single  and 
duel  parachute  tests  wiim  Integrated  into  a  sy8*-em  and  this  system  tested  using 
clusters  of  three  tc  five  G>11A  parachutes  an!  thrae  G-T2D  parachutes.  Through*^ 
out  the  program  changes  were  made  to  several  components  to  Improve  the.  systems 
performance.  The  program  »'e3  to  conclude  with  e  saries  rf  three  demonstratlc  n 
alrdropa  but  the  early  termination  C  the  trist  s.:rie8  eliminated  these  tests. 
Three  low  altitude  prademonstration  airdrops ,  however,  were  accomplish'-.d  with 
very  encouraging  rnsalr.s. 


NOT  REPRODUCIBLE 
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2.  Protentation  of  ftoauita 

VtM  rtiultt  of  6ho  ew  ^IIM  fiittt  tiiio 

••etlon.  Tabu  X  tuaniavlafa  eha  ttat  afinliiiMtleaia  «a4  liaa  bba  lofeaa  In  ^ 
axtraetion  and  auapanaion  Itnaa  durtot  di^  IVWK  aa  wall  aa  ttia  horlaontal  and 
vartlcal  impact  valoeitiaa  for  a  daaaamt  of  SOd  toot.  TIm  daUil  fiaat  raauUi 
and  diacuaaiena  of  tha  individual  caata  waia  iNraa^i^  in  tia  t|0  4|ip  aEatua 
apana  pxa^arf  m  thia  eontnat  fllAx  #atiaMiafyir WifHi 
tft*417(li(7){  and  IP-$17W<d))«  Tha  taaulta  of  iavaattpitiona  in  elM  iailawint 
avaaa  axa  diaeuaaad. 

a.  Snatch  fovea  attenuation 

b.  Suspanston  cling  force  attenuation 

c.  Recovery  parachute  cantarllnaa 

d.  Recovery  paraohuta  inflaetora 

a.  Recovery  parad^e  reefii^ 

f.  Recovery  parachute  line  length 

g.  Recovery  parachute  extraction  platform 

Ht  Syatem  oecilUtion  rUuetion 

it  8vat«n  feat Ibtt tty 

a.  Snatch  Force  Attenuation 

The  firat  iiiSteh  Urae  attenuator  configuration  used  con« 

•  isted  of  a  eingle  length  of  undrwim  nylon  line  in  parallel  with  the  riser 
extension  line.  This  attenuatm:  was  usad  on  eight  of  the  first  nine  teats. 

The  results  of  thw  tests  stre  shown  tnJB^UlILd^  indicate  tluu  the  snateh 
forces  tienerac^  uaUg  this  itUniuitor  exceeddi  the  l.S  extmotion  force 
limit.  The  films  of  several  of  tha  atrdropa  were  etudied  to  determine  the 
reeson  for  these  high  forces.  These  films  revMled  that  the  canopy  deploy¬ 
ment  from  the  deployment  beg  w  Initiated  at  the  begUni^  of  the  election 
of  the  undrawn  liiie»  Cenopy j^l^mint 

full  extetitioti  of  the  unduly  titiev  end  henee»  when  the  riser  extension  became 
teut  the  total  canopy  cloth  mess  was  eccelereted,  Dus  to  the  total  mass 
being  accelerated  at  one  instant  the  inertia  fqtaes  iiMB  resultad  wers  higher 
than  expected. 

A  multi-line  snateh  force  atteiniator  v5s  designed  to  replace 
the  single  line  attenuator  end  alleviate  the  ^rch,l|Rn  of  early  eanopy  deploy- 
KMKit.  ^e  design  of  this  attenuator  wan  dfadleeii  ii  iiiaii  in  Uetton  iv,C 
The  configuration  used  on  each  teat  is  described  in  Table  1. 

The  multi-line  attenuator  was  used  on  eleven  of  the  lest 
twelve  tests  in  the  Pheee  I  test  program.  In  these  tests  the  nuid»er  of 
undrawn  nylon  lines  used  was  varied  in  ettca|i«ing  to  find  the  heft  eonfiguretlon. 
In  addition  to  varying  the  atCMuacm  eomfig^tton,  the  drogue  pereehute, 
which  extracts  the  main  parachutes,  was  reefed  in  three  of  these  tests.  Since 
reefing  the  drogue  pireehute  decreases  the  force  applied  to  the  main  parachutes 
during  their  extraction  and  consequently  decreases  the  velocity  of  the  mein 
parachutes  relative  to  the  aircraft  at  line  axtanilon,  the  snatch  force  was 
decreased.  The  combination  of  reefing  the  drogue  parachute  end  use  of  the 
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multi-line  snatch  force  attenuator  resulted  in  acceptable  snatch  force 
magnitudes  as  shown  In  the  following  table. 


This  table  Indicates  tVtat  acceptable  snatch  force  magnitudes 
can  be  obtained  by  using  a  four  line  snatch  force  attenuator  and  extracting 
the  main  parachutes  with  f  drogue  force  of  2430  pounds  per  parachute.  The 
above  results  also  Indicate  that  the  85  foot  centerline  case  developed  a  higher 
snatch  force  than  an  unmodified  canopy.  The  reason  for  this  is  that  the  mass 
per  unit  length  of  the  canony  during  deployment  from  its  bag  is  increased,  and 
hence,  a  larger  mass  at  any  Instant  daring  line  stretch  is  being  accelerated, 
causing  higher  forces. 

The  multi-line  snatch  attenuator  was  used  throughout  the 
entire  Phase  II  of  the  test  program. 

The  snatch  force  exceeded  1.5  g’s  in  only  four  of  the 

fifteen  Phase  II  tests.  These  tests  were  the  two  inf lector  parachute  tests,  a 

G-12D  parachute  test  and  a  four  G-llA  parachute  test.  The  high  snatch  force  en¬ 
countered  in  the  inflector  tests  was  attributed  to  the  increase  in  canopy  weight 
when  the  inf  lectors  are  added  to  the  skirt.  It  has  been  that  the  canopy 

mass  per  length  is  a  major  parameter  affecting  the  snatch  force. 

The  optimum  snatch  force  attenuator  for  use  with  G-12D 
parachute  had  not  been  determined,  and  hence,  the  snatch  was  high  in  one  of 

the  two  G-12D  tests.  Finally,  in  one  of  the  four  G-llA  parachute  tests  the 

snatch  force  developed  was  1.53  g's  and  no  reason  for  this  increase  has  been 
found . 

b.  Suspension  Sling  Force  Attenuation 

The  operation  and  performance  of  the  suspension  sling 
attenuator  has  been  excellent  throughout  both  phases  of  the  test  program.  In 


most  catot,  as  shown  in  Table  1,  the  forces  developed  during  the  transfer 
phase  have  been  kept  srell  below  the  1*5  g  limit  for  each  suspension  sling 
connection  point*  The  number  of  lines  used  in  each  attenuator  configure* 
tion  waa  varied  throughout  Phase  1  of  the  test  program  in  order  to  determine 
the  most  desirable  configuration.  This  configuration  was  used  throughout 
the  Phase  II  testa. 


In  addition  to  limiting  the  force  developed  In  each  sus¬ 
pension  sling  to  1^5  g'si  the  attenuator  was  required  to  develop  forces  in 
the  system  as  rapidly  as  possible  after  force  transfer.  This  is  accomplished 
through  the  stretching  of  the  undrawn  nylon  lines.  As  illustrated  in  Figure 
21  on  page  44  ,  after  force  transfer  la  initiated  the  cargo  begins  to  rotate 
and  the  forward  suspension  slings  become  taut.  During  this  rotation  no 
force  can  be  developed  by  the  standard  system  until  the  suspension  slings 
become  taut.  Since  the  undrawn  nylon  lines  arc  shorter  than  the  suspension 
flings,  they  became  taut  first  and  the  time  duration  when  no  system  forces 
exist  Is  decreased. 

c.  Recovery  Parachute  Centerlines 

In  order  to  increase  the  inflation  rate  of  the  parachute 
a  centerline  or  apex  control  line  was  installed  as  shown  in  Figure  10.  page  18. 

In  an  attempt  to  determine  the  optimum  centerline  length,  AAI  conducted  tests 
using  lengths  ranging  from  85  to  106  feet  on  the  single  parachute  tests.  The 
results  indicated  an  improvement  in  the  performance  as  the  centerline  length 
was  decreased,  'fhe  85  foot  long  centerline  developed  the  smallest  altitude 
loss  to  acceptable  vertical  velocities.  The  curves  of  Figure  31  illustrate 
the  improved  performance. 

To  detenaine  the  cause  of  this  improved  performance,  the 
Ibtrnn  film  records  were  studied.  The  canopy  diameter  versus  time  curves 
developed  in  this  analysis  illustrate  that  the  canopy  inflation  time  decreases 
with  a  reduction  in  centerline  length.  Also,  the  slope  of  these  curves 
incr'^ased  for  the  shorter  lengths  causing  increased  drag  and  deceleration  at 
all  times  during  inflation  when  compared  to  an  unmodified  canopy.  Figure  32 
shows  the  canopy  skirt  diameter  growth  with  time  for  an  uitmodlfied  canopy 
and  canopies  with  centerline  lengths  of  85  and  95  feet. 

However,  reducing  the  canopy  inflation  time  causes  an  increase 
in  the  oscillatory  motions  of  the  descending  cargo.  In  the  Initial  portion  of 
the  trajectory,  this  rapid  inflation  of  the  canopy  causes  a  rapid  horizontal 
deceleration  of  the  system  with  a  correspondingly  .small  loss  in  altitude.  This 
action  quickly  reduces  the  horizontal  velocity  of  the  system  close  to  zero. 

The  system  than  begins  to  rotate  with  the  ca.rgo  picking  up  vertical  velocity 
much  faster  than  the  parachute  due  to  Its  weight/drag  ratio  being  much  higher 
than  that  of  the  parachute.  This  action  causes  the  cargo  to  swing  down  and 
under  the  parachute  and  a  oendulum  type  oscillation  ensues.  These  oscillatory 
motions  are  characteristics  of  an  extraction  by  mains  system  and  are  readily 
observed  when  altitude  loss  versus  horizontal  displacement,  of  the  cargo,  is 
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plotted.  if  a  pronouttoad  ijnf.^4raoti«n  batwaan  thaaa  herlaontali.  oaeill* 

atloaa  ad4  tha  vartioal  daaeaat  valeel^  tifia  catfd  idileh  aaaouatt  for  ttia 
oaailUtovy  cftavaatar  of  eba  daaaanc  valoalty  pwiMtar.  Tha  oargo  tra« 
Jaotoriat  of  rtgura  33  daplee  tha  diffatMaa  In  tiia  oaatUatovy  Boeton  of  an 
unaediflad  oanopy  and  a  canopy  with  an  tS  foot  eaittarllna  inatallad. 

To  raduea  tha  aurgo  oaolllattona,  tha  cargo  wal^t  wai 
Inoraaaad  from  3550  to  4500  vonnda  (rlggad  waiid^t).  The  af foot  of  ihla 
ineraaaa  In  eanepy  loading  la  llluatratad  In  flgura  34.  Tha  raaulta  of  tha 
4300  pound  weight  toot  using  a  eontarliaa  of  35  fact  akhtbltad  ^a  moat 
dailrid»la  perfor^anea  of  tha  want  pull  down  taata  oonduotad  during  tha  fhaao  I 
portion  of  tha  uat  prograot 

To  datarmina  tha  causa  of  tha  raduotion  in  oanopy  inflation 
tiaw  whan  using  a  oantarlin«,  tha  ratio  of  cantarlloa  foroa  to  rioar  axtan* 
Sion  fovoa  varsua  tUM  was  plotted  for  savaral  tssts.  Thasa  raaults  lllua- 
trata  that  a  largo  paicant  of  this  total  paraohuta  drag  foroa  is  being 
earriad  by  tha  eantarllna.  ^oroa  ratios  from  .3  to  .5  ara  ecMon  as  lllus- 
tratad  in  rifaras  35  and  34.  Thi«  bsmis  that  tha  foroa  in  tha  suapanaion 
linos  is  stdbstantially  raduead; .ttOnsagutmtlyt  tha  foroa  retarding  radial 
notion  of  tha  oan^y  skirt  is  greatly  raducad  and  tha  oanopy  inflation  rata 
is  ineraasad. 


Sines  tha  boot  eantarlisMt  parforaanee  on  a  oingla  paraohuta 
teat  was  ebtaiaad  using  an  85  foot  oaBt«rlt\\a  with  a  canopy  loading  at  4500 
pownda*  tha  firat  tase  oonduotad  during  the  fhasa  U  portion  of  tha  teat  pregian 
■adi  iMO  al  a  etaatar  af  thacMi  6*llh  ptiaahntai  witk  IS  foot  aaaaarllaaa  laitatlad 
to  daaalaaata  a  otagn  aaiilitag  Ittild  paairtr*  task  aaaaltad  in  a  tamtail 
valooity  whioh  axoaadad  tha  goal  of  33  foot  por  aweond.  This  indioatad  that 
the  parformanoa  of  0-llA  paraehutas  in  eluators  (of  at  least  thrsa)  using  an 
83  foot  oantarllno  might  differ  signifieantly  fron  tha  parfomanea  of  a 
•ingla  0-llA  paraohuta  ueing  the  aasM  oontorlina  langth.  Purthar  atudy  of 
trho  single  poroehuto  dote  using  on  85  foot  eontorlino  rovoolod  thot  the  cargo 
vortical  volooity  beyond  o  300  foot  oltltudo  lots  was  continually  Inoraaoing 
during  the  daocant,  howovar,  at  altitude  loooos  loss  then  300  fsst  ths 
vsrtieal  vsloelty  was  quits  low.  Apparently  In  the  eluotorod  eonfiguratlon, 
the  parachutes  wore  not  oblsi  to  dscoloroto  ths  cargo  to  os  low  o  volpeity 
initially  os  in  the  singls  parschuts  configuration.  Conaaquantly,  tha  cargo 
vertical  velocity  increased  to  its  tsrmlnol  value  much  more  rapidly  in  the 
elustorod  poroehuto  configuration. 

Other  flight  teets  were  conducted  by  the  Air  Force*  it  the 
F,  El  Centro,  ueing  extraction  by  recovery  poroohuto  with  o  eontorlino  em¬ 
ployed.  A  study  of  ths  unpublished  corrected  spdeo  petition  date  ganaratad 
on  this  program  roeultsd  in  ssvoral  plots  of  the  cargo  porformaMt.  The  most 
important  raaults  wort  illustrstsd  by  the  altituds  versus  cargo  vortical  vel¬ 
ocity.  For  savaral  taata  with  tha  aaaa  initial  oondltlona  awah  aa  aireraft  apead 
and  cargo  weight,  the  curvoo  of  figure  37  ehaw  that  tha  altitude  loaa  to  oeeopt- 
ablo  vertical  voloeitioa  woo  rodueod  oa  the  eontorlino  length  doemoiod.  The 
eontorlino  lengths  used  vnrlnd  from  fS  to  IIS  feat. 

*  Data  auppliad  by  lUdlg,  progsM  LXC  5057 
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This  dai^  Indicated  that  the  drag  of  the  0-1 lA  parachute 
vas  optimum  using  a  95  foot  centerline.  Consequently  on  test  number  29  the 
cantarlihe  length  was  changed  to  95  feet.  The  results  of  this  test  and 
test  number  25  are  compared  in  the  plots  shown  in  Figure  38  ,  in  both 
oases  the  oscillatory  motion  appears  to  damp  out  rapidly.  However,  the 
cargo  vertical  velocity,  using  the  95  foot  centerline  was  always  less  than 
23  feet  per  second  after*  first  vertical  while  with  the  85  foot  centerline 
the  23  feet  per  secund  velocity  was  exceeded  throughout  most  of  the  drop. 

The  95  fobt  centerline,  also  produced  the  loe^er  altitxide  loss  to  acceptable 
i  impact  conditions. 

:  As  stated  above  the  cargo  vertical  velocity  never  exceeded 
23  feit  per  sec<md  after  firs  vertical  using  the  95  foot  centerl ine .  This 
indicated  that  the  4rag  produced  was  sufficient  to  allow  the  canopy  loading 
to  be  further  increased  from  the  4500  pounds  per  parachute  used.  The  canopy 
loading  was,  ihOreased  to  5Q60  pounds  on  tests  36  and  39.  These  tosts  were 
conducted  ff<x»  ah  altitude  of  500  feet  and  the  impact  velocities  were  22  and 
1 6  fee  t  per  second  respect ive ly . 

Since  no  testa  were  ecaAteted  during  Phase  I  of  the  teat 
>  pre^ram  ueing  a  parachuta  with  a  eeaterlina  instaliad,  tha  length  of 

thd  dtotetiina  tc  bi  need  on  6ri2S  pazaetnttea  in  Phase  II  was  datar* 
mined  ibalytiedlly.  The  canterlina  length  was  arrived  at  by  multiplying 
the  ratio  of  the  total  line  length  for  a  6-12D  parachute  to  that  for  a  6-llA 
parachute  by  the  centerline  length,  83  feet,  used  on  the  G-llA  parachute. 

This  resulted  in  a  54  foot  length.  This  centerline  was  used  on  tests  27 
and  30.  The  cargo  vertical  viclocity  versus  altitude  loss  plots  are  presented 
for  both  tests  in  Figure  39  ,  and  like  the  85  foot  centerline  G-lIA  test 
(test  number  25),  high  terminal  velocities  resulted.  The  favorable  results 
obtained  by  changing  the  centerline  length  from  85  to  95  feet  on  the  G-ilA 
parachutes  is  expected  to  apply  to  the  G-12D  clusters  as  well,  but  the  oppor¬ 
tunity  to  test  this  effset  was  not  available. 

d.  Recovery  Parachute  Inf lectors 

IVo  types  of  inf lectors  were  studied  during  Phase  1  testing, 
(1)  a  triangular  web  inf lector  sewn  into  the  canopy  at  the  skirt  as  illustrated 
in  Figure  23  on  page  46  ;  and  (2)  a  band  inf lector  inserted  In  the  canopy 
skirt  as  shown  in  Figure  24  on  page  47  .  The  slse  of  the  triangular 
Ihf lector  was  varied,  and  the  performance  of  each  size  was  invistlgated.  How¬ 
ever,  the  insertion  of  this  inf lector  into  the  canopy  skirt  caused  damage 
to  the  casing  of  the  550  pound  suspension  lines  which  resulted  in  frayed  sus¬ 
pension  lines  when  the  parachute  was  airdropped.  The  band  inf lector  was 
developed  to  try  to  simplify  the  changes  to  the  parachute.  Although  they  did 
not  give  quite  the  same  parachute  shape,  investigation  of  the  canopy  after 
each  band  inf lector  test  revealed  no  canopy  damage. 

The  curves  of  altitude  loss  v^  vertical  velocity  fo..  the 
large  triangular  inflector  and  the  band  inflector  show  that  both  inflation  aids 
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Imhtce  oflclllatlona  such  that  the  vei'ttcal  velocity  of  the  carRo  reached 
10  fps  or  more  during  thcao  oscillations,  Hiese  ciirvc*.s,  .shown  In  Figure  AO, 
also  reveal  that  the  rquf I Ibr lum  velocity  of  the  cargo  Is  larger  than  that 
developed  by  an  unmodified  pai'aehuta. 


i1ie  results  of  Phase  I  of  the  test  program  indicated  that 
tile  parachutes  equipped  with  inf  lectors  had  a  tendency  to  pro<lucc  a  large 
system  oscillation.  It  was  felt  that  the  inherent  stability  of  a  cluster 
of  three  parachutes  might  damp  these  oscillations  and  produce  acceptable 
Impact  conditions.  However,  as  shown  ,ln  Figure  Al  tlu-  expected  damping  did 
not  occur.  Figure  A1  compares  the  results  of  test  number  37,  with  Inf  lectors, 
to  toait  number  29,  without  inf  lectors.  The  Inf  lectors  again  caused  high 
system  oscillations,  thereby,  causing  the  vortical  velocity  to  exceed  the 
nominal  of  23  feet  per  second  in  many  instances. 

Figure  41  also  indicates  that  tlie  inflectors  have  no 
significant  effect  on  the  early  Inflation  procts  t.  As  shown  in  the  figure, 
the  shape  of  the  first  "knee"  is  similar  for  the  two  tests.  Since  this 
portion  of  the  curve  is  mainly  a  functiou  of  the  opening  rate  of  the  canopy 
and  the  cluster  efficiency,  it  is  apparent  that  the  inf lector  has  little 
effect  on  the  clustered  opening  process. 

Figure  41  shows  that  the  terminal  velocity  of  the  inf lector 
cluster  is  higher  than  the  unmodified  cluster  Indicating  that  the  inflectors 
cause  a  reduction  in  drag.  Tlie  vertical  velocity  in  all  configurations 
exhibit  an  oscillatory  nature  and  this  is  particularly  pronounced  on  the 
inflector  modified  drops.  This  means  that  the  instantaneous  velocity  period¬ 
ically  reaches  values  considerably  higher  than  the  mean  or  average  velocity. 

The  curves  clearly  Indicated  poor  performance  of  the  inflector  modification 
in  this  respect. 


e.  Recovery  Farachute  Reefing 

On  single  parachute  airdrop  teats  conducted  during  Phase  I 
of  the  test  program  the  purpose  of  the  reefing  line  Is  to  limit  the  opening 
shock  force  to  an  acceptable  value.  The  reefing  line  length  was  varied  in  the 
teats  conducted  from  19  to  32  feet.  As  expected,  the  opening  shock  force  In¬ 
creased  with  Increasing  reefing  line  length.  The  19  foot  length  resulted  in 
acceptable  force  values  when  used  In  combination  with  the  multi-line  snatch 
force  attentuator.  The  results  are  summarized  below. 
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Test 

No. 

Description 

Reefing  Line 
Lenath  (ft) 

.Snatcli 

Attenuator 

Opening  Shock 
Force  (a*H) 

21 

Unmodified  Canopy 

32 

4  T.Incfl 

2.00 

11 

95*  Centerline 

25 

None 

1.71 

23 

95*  Centerline 
-  10  Inflector 

19 

None 

1 .61 

20 

95*  CoT'iterlinc 
-10  Inflector 

4  Lines; 

1.51 

22 

85*  Centerline 
-10  Inflector 

148"  Reefed  Drogue 

1  ' 

4  Lines 

1.21 

This  Isngtb  rssflng  11ns  vss  uasd  on  ths  first  tsst,  numbsr  25,  of  ths  Phsss  II 
portion  r<<  .ho  tost  program  ond  tho  rosults  (Soo  Tsbio  I)  Indlcsto  that  tho  19 
foot  roofing  lino  dovolopod  on  oponlng  shock  fores  woll  bolow  tho  1,5  g  limitation. 
Although  It  Is  roqulrod  to  atsy  bolow  tho  1.5  g  limit,  It  Is  also  doslrablo  to  bo 
as  close  os  possible  to  Che  force  limit  in  order  to  got  the  most  efficient 
use  of  the  parachute.  By  assuming  the  theory  of  Berndt  and  DeWoese  (9)  applies 
for  predicting  the  drag  area  and  the  opening  shock  force  is  equal  to  Che  sum 
of  the  drag  force  produced  by  the  parachute  and  the  inertia  force  of  the 
parachute,  a  new  reefing  line  length  of  23  feet  was  determined.  The  new 
reefihg  lln^  len  resulted  In  opening  shock  forces  less  than  but  close 
to  Che  a,  li''  w,  basod  on  an  extracted  weight  of  4750  pounds  per  para* 
chute  for  Che  remainder  of  the  acceptable  tests  with  the  exception  of  test 
number  35 . 


.  !Cond  possible  problem, which  is  shown  in  Che  tele¬ 
metry  traces'  of  F  re  42  for  test  35,was  the  uneven  filling  of  the  parachutes. 
One  parachute,  although  it  suffered  no  damage,  filled  faster  and  consequently 
carried  ft  greater  load,  up  to  22,000  pounds  ,  than  any  other  parachute.  A 
weaker  canopy  may  have  failed  under  such  extreme  loads.  If  this  performance 
is  typical,  then  a  second  reefing  line  would  have  to  be  installed  Co  provide 
a  morefven  inflation  of  the  parachutes  by  holding  the  parachute  which  is 
inflating  faster  at  a  known  diameter  while  the  others  are  catching  up.  This 
of  course,  would  Increase  Che  altitude  loss  to  acceptable  Impact  conditions 
and  could  conceivably  cause  the  allowable  drop  altitude  to  exceed  500  feet. 

The  early  termination  of  the  test  program  prevented  further  Investigation  of 
this  area. 
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f .  R«eov«ry  PAtAohutt  Lin#  LAngth 

TKa  rlAAr  AxtAnAlon  llnA  lAitgeh  was  vArlAd  during  PhesA  I  of 
the  CAAt  progrAm  from  20  to  foot  In  20  foot  i!itArvAlf  ro  dotArmino  tho  moit 
dAAlrAblA  lAngCh.  Tht  Snttwh  foteAi  rtiultlng  for  AAch  dlfforAnt  rlAor  AxtAn- 
•lon  lAngth  WAtA: 


Test 

No.  .  _ 

Length  Of  Riser 
ExtlPaion  (ft)  _ 

Snatch  Force 
(ffi's) 

10 

60 

1.62 

U 

40 

2.21 

2 

40 

2.08 

12 

20 

2.36 

£Ach  of  thA«ca  tAsts  WAtA  slmilAr  in  tho  rospACt  thAt  no  snatch  force  Atten¬ 
uators  ^ere  used. 

The  results  llIustrAte  that  reducing  the  riser  extension 
^sngth  increases  the  snatch  force.  The  forces  of  the  two  40  foot  line  length 
^:r;St;V  di^  ^er  because  A  95  foot  centerltnA  was  used  on  Test  No.  11.  The  increase 
in  snatcii  force  with  increase  in  line  length  is  Attributed  to  the  dependence  of 
this  force  on  (1)  the  relative  velocity  between  the  cargo  (restrained  in 
the  Aircraft)  end  the  recovery  parachute  in  its  deployment  bag;  end  (2)  the 
gpring  rate  of  the  lines  connecting  the  cargo  and  the  parachute.  The  curve 
in  Figure  43  of  tho  relative  velocity  versus  distance  between  the  cargo  and 
parachute  centers  of  gravity  illustrates  chat  the  change  in  relative  velocity 
is  small  for  the  increased  distance  along  Che  flat  portion  of  Che  curve.  For 
the  test  conducted,  the  relative  velocity  variation  for  the  lengths  tested 
is  negligible  and  the  predominate  factor  is  the  line  spring  rate.  Hence, 
increases  in  line,  length  which,  in  effect,  cause  a  reduction  in  the  line 
stiffness,  result  in  decreasing  the  snatch  force. 

The  selection  of  the  most  desirable  riser  extension  line 
length  is  dependent  on  tn«  value  of  the  snatch  force  and  ch«  resulting  system 
performance.  Investigations  reveal  that  the  shortest  length  develops  the 
best  performance  in  terms  of  minimum  descent  altitude,  and  cargo  osulllations 
whereas,  the  longest  length  results  in  the  lowest  snatch  force,  the  largest 
altitude  loss,  and  the  highest  horizontal  velocities.  The  40  ft.  riser 
extension  length  has  been  selected  as  the  most  desirable  length  since  this 
length  develops  acceptable  cargo  impact  results  and  a  snatch  force  value 
which  can  bo  decreased  by  use  of  a  force  attenuator  plus  a  reefed  drogue 
parachute . 
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)'..  Ki't’;»vi’i  v  l'<iint*liii( (‘  l‘!xl i*oc(  fon  l•l^lMonll 

Sliu'«'  lIuM'i'  Ih  iMHurrU'Icnt  ro(«ni  to  Hlorc  moi'#  (liaii  loor 
pai'AcluUcM  on  n  Uvul  iimt  oxti'u/t  thorn  hat  t  ly  with  mloctuato  clcnrnnco 

nhovo  ihp  oAt>\o  ot)m|wirt  moot  I'lxnir,  A  Ht>t>iir«i‘o  parAcinito  ext  motion  platfomi 
w.'iH  (IoxIkiu'iI.  (Soo  I'Mt'iiro  :>*)  |iAp,o  ).  'Hilx  pint  I  itrni  wan  iiHi'd  on  lONt 
miniht  r  Dorinp  ilu'  tlt'p loymoni  of  the  plAt:l‘vn*iii  it  I'ointod  rorwAr«l  In  the 

nirornti  niui  ti'Annlntoil  IntarAlly  onouKh  to  ki'Ako  a  wind  lioricclor  mounted 
ttn  III*'  nlromt't  I'nnip,  TIu'  I'orwAi'd  nUAtlon  wan  couHod  by  the  uiNiihlnA:.  Ion 
I'T  till'  ilropiio  pnonohnio  ror<'e  holnp  Applied  below  the  oent<»r  of  p.ravlly  of 
tlio  |>arAc'hntoN  an  xliown  holowj  aiuI  llie  lack  of  vetllcnl  r(‘HtmlnlK  heint; 
ai'pl  led  to  tho  platform. 

r—  Paraeluito  .stnek 


Con ter  of  CrAVlty 
Of  ParachntoA 


Application  Point 
Of  Foifce 


.'.Ithough  I'eti'actable  vertical  restraints  ware  located  on  the  rails  at  the 
position  of  tlie  platform  in  the  aircraft,  none  of  these  had  been  enRaged. 

Were  they  engaged,  the  reaction  force  between  the  restraints  and  the 
platform  could  have  prevented  the  forward  rotation. 

The  lateral  translation  which  occurred  resulted  from  the 
aft  restraint  force  being  applied  ?n  the  right  side  of  the  platform  only. 

The  Indent/detent  locks  are  located  on  the  righr  rail.  One  lock  had  been 
engaged  in  the  platform  and  was  set  at  its  maximum  of  4000  pounds.  As  the 
drogue  parachute  inflated  it  applied  force  to  the  platform  which  was  dis* 
trlbuted  eve..ly  to  both  platform  rails.  This  force  was  reacted  by  the 
enraged  lock  on  the  right  hand  rail  which  induced  a  cocking  moment  in  the 
platform.  When  the  drogue  parachute  force  was  sufficient  to  disengage  the 
lone  '’all  lock,  the  platform  rotated  because  of  the  cocking  moment  end  hit 
the  wind  deflector  on  the  ramp. 

Grazing  the  wind  deflector  induced  a  rotation  of  the  plat¬ 
form  about  the  line  of  flight  of  the  aircraft.  The  parachutes  still  dsployed 
with  no  tangling  or  damage  and  were  able  to  successfully  recover  the  load. 
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36 


Therotorc,  If  no  osclllAtion  Is  occtirrlnK  tho  viTtlcal 
velocity  at  equll  IbrlMiii  is  u  constant,  and  if  oscl  I  lat  ion  is  occurring  then 
the  value  of  the  vertical  velocity  is  constantly  veryinR  about,  some  equili¬ 
brium  value. 

The  results  for  a  cargo  doscent  witli  llltli-  use  11  la  Lion 
are  shown  in  Figure  ^6  .  'I’liese  results  ere  for  tost  No.  21  wliich  included 
two  T-10  parachutes  for  reduction  of  the  oscillation,  and  an  unmodified 
recovery  paraciuite.  T'le  wind  velocity  was  light,  approximately  5  knots,  and 
the  performance  which  resulted  was  excellent.  The  altitude  loss  to  accept¬ 
able  vertical  velocitie.s  was  liigher  than  several  of  tlie  tests  whicli  Included 
eenterliries,  however,  the  altitude  loss  was  more  than  acceptable  at  a  value 
of  325  feet.  The  resulting  liorixontal  velocity  at  equilibrium  was  the  lowest 
recorded,  as  was  the  oscillation  angle.  T*»e  results  of  this  test  are  compared 
to  the  performance  of  the  best  centerline  test  (tost.  No.  22  wliici'.  utilized 
an  85  ft  centerline) ,  in  Figures  47  ,  4d  and  49.  Tlio  comparative  pints 
reveal  the  desirability  of  tlic  system  using  an  unmodified  recovery  parachute 
and  two  1- 10  parachutes  for  damping  as  opposed  to  a  single  recovery  parachute 
with  an  85  foot  centerline  and' a  22%  increase  in  canopy  loading.  However, 
combining  the  use  of  an  85  foot  centerline  length,  and  tv/o  T-10  oscillation 
damping  parachutes,  and  increasing  the  canopy  loading  by  approximately  20% 
should  result  in  the  optimum  performance. 

i.  System  Feasibility 

A  major  objective  of  the  ?haae  H  portion  of  the  test  program 
was  the  demonstration  of  the  feasibility  of  delivering  cargoes  weighing  up  to 
35,000  pounds  at  altitudes  less  than  500  feet.  Duo  to  the  termination  of  the  tes 
program  the  only  attempt  to  deliver  a  cargo  from  500  feet  was  confined  to  a 
cluster  of  three  G-llA  parachutes  extracting  and  recovering  a  cargo  with  a 
total  system  weight  of  approximately  15,000  pounds.  Three  tests,  numbeis  36, 

38  and  39,  were  conducted  from  this  altitude  using  this  configuration. 

These  tests  were  highly  successful.  The  only  damage  Incurred  during  the 
tests  was  a  bent  platform  on  test  number  36.  Space  positioning  data  was 
obtained  for  tests  36  and  39  only.  The  vertical  velocities  obtained  from 
this  data  were  22  and  16  feet  per  second  respectively.  Three  tests  were 
conducted  in  the  heavier  cargo  weight  range  (20,000  pounds  and  above)  from 
an  altitude  of  2000  feet.  Two  tests,  number  31  and  32, using  four  G-llA 
parachutes  on  a  20,000  pound  cargo  and  dropped  at  2000  feet  provided  little 
useful  information.  High  aircraft  rail  restraint  and  the  early  disreef 
of  one  of  the  p&rachutes  in  the  cluster  in  each  test  caused  the  lack  of 
useful  data. 


The  third  test,  number  35,  using  five  G-llA  parachutes  on 
a  25,000  pound  load  was  quite  successful  and  the  data  obtained  is  both 
useful  and  encouraging.  As  shown  on  the  plot  of  tiie  vertical  velocity  versus 
altitude  for  this  test,  Figure  50  ,  the  altitude  loss  to  acceptable  vertical 

velocities  was  within  the  500  foot  limit.  The  horizontal  velocity  and  impact 
angle  at  500  feet  were  approximately  36  feet  per  second  and  15  degrees 
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CARGO  VERTICAL  VELOCITY  (FPS) 
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r«ip«ctivcLy.  Hov«vtr  without  •poclfitd  horlionttl  vtlooity  and  Impoet  anglt 
llmltatlont»  no  prodlcntion  c«n  b«  tnndo  that  such  impact  condition!  would  ba 
accaptabla. 
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RECOVERY  PAILiGHllTE  EXTRACTION  PHASE 

(Not«:  Ey.ttfActlon  In  not  otM-dlmonilonAl  A9  dsplctid  In  akttehM) 


R»cov«ry  Parachuto  1t>  Daploymant  Bag 


Extraction  (drogue)  parachute  aesumed 
'Cargo  reetralnnd  In  aircraft  •i-^craft  apaed  Initially. 


•  extraction  parachute  in  fully  inflated  atate  and 
recovery  parachute  located  on  cargo  in  aircraft. 


Parachute  linee  being 

deployed  (linea  are  not  fully  extended) 

Extraction  parachute 

’(!argo  reacrained  Recovery  parachute 

in  deployment  bag 

( 2)  Deployment  of  Recovery  Parachute  Linea 

«  the  recovery  parachute  linea  are  aoaumed  weightleea  during 
their  deployment  from  the  deployment  bag 

‘  the  line  connecting  the  extraction  parachute  and  the  deployment 
bag  ia  atiumed  inelaetlc. 


Recovery  parachute  lines 
fully  extended 


Extraction  parachute 


Cargo  restrained 


Deployment  bag 


(3)  End  of  Recovery  Parachute  Extraction  Phaae 

•'  end  of  this  phase  is  defined  as  the  full  extension  of  the 
parachute  lines,  the  lines  are  taut  and  have  not  begun  to  stretch. 


y  paraohu^;* 
acretching 
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*'  snatich  f  e  re  a  acew  s  jxihg  caftepy  -aeiviO'yin'etit. 
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•’.a _ 


Empty  deplcyin*.-it  bag 


Extract  ir.'r); 
parachur,?; 
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-  teimination  of  t^iis  phase  is  the  center  of  the  reaction 


force  R  between  the  cargo  platfonn  and  the  aircraft  ramp  reaches 
the  end  of  the  ramp  or  when  the  net  moment  about  the  cargo  c.g, 
created  by  the  r^^action  and  extraction  forces  changes  from  zero. 


r«Ti'' 


DESGBMi;  PHASE 


(1)  Cafgo  accent  '  ;  ■ 

■•'  Canopy  ,  tha  cargc. 

canopy  Inflation  process  ends  during  descent  phase. 


2,  DiscviRHion  of  Computer  Input  Data 

Tl»e  results  of  the  two-dlmanslcnal  airdrop  computer  program 
have  revealed  the  Importance  of  correct  Input  data  to  accuractely  predict 
the  system  results.  I1u'  Input  data  requires  numerous  tabular  values  which 
define  the  parachute  diameter  growth  and  drag  charactert istlcs  as  a  function 
of  time,  and  the  paracliute  lines  force  versus  elongation.  The  general  data 
required  is  a  function  of  the  cargo-parachute  system.  The  nomenclature  for 
this  general  Input  data  is  defined  In  the  following  table. 


Nomenc lature 

Units 

Definition 

Pavload  Characteristics 

WL 

lb 

Rigged  cargo  weight  excluding  parachutes 
(recovery  and  extraction) 

XIL 

sluga-ft^ 

Cargo  tumbling  moment  of  inertia 

XKL 

lb 

Drag  function  •  q  Cj^A 

C 

ft 

Vertical  distance  from  extraction  point  to 
cargo  center  of  gravity 

D 

ft 

Vertical  distance  from  platform  to  cargo  c.g. 

G 

ft 

Pallet  length 

XLPAL 

ft 

Longitudinal  distance  from  extraction  point 
to  c .g. 

EPTl 

ft 

Longitudinal  distance  from  c.g.  to  forward 
sling  attachment  point 

FPTl 

ft 

Vertical  distance  from  c.g.  to  forward  sling 
attachment  point 

EPT2 

ft 

Longitudinal  distance  from  c.g.  to  aft  sling 
attachment  point 

FPT2 

ft 

Vertical  distance  from  c.g.  to  aft  sling 
attachment  point 

S 

ft 

Longitudinal  distance  from  the  initial  cargo 
position  to  tl»e  ramp  edge 

XLO 

ft 

Initial  X  coordinate  position  in  space 

lOI 


Nomenclature 

Units 

Definition 

YLO 

ft 

Initial  Y  coordinate  position  in  space 

FRLSE 

lb 

Release  force 

Re cove 

rv  Parachute  Characteristics 

NPARAS 

-- 

Number  of  recovery  parachutes 

WP 

lb 

Weight  of  single  recovery  parachute 

DCAO 

rr 

Fully  developed  drag  area  of  single 
recovery  parachute 

TFILL 

sec 

Filllag  time 

CDEP 

-- 

Cluster  drag  efficiency  factor 

Recovery  Parachute  Extraction  Conditions 

XPLTO 

ft 

Initial  X  coordinate  of  extraction  parachute 

YPLTO 

ft 

Initial  V  coordinate  of  extraction  parachute 

WPLT 

lb 

Weight  of  extraction  parachute 

WAPLT 

lb 

Apparent  and  included  air  weight  within 

extraction  parachute 

XKPLT 

lb 

Extraction  parachute  drag  function  ■  <1  C^A 

moo 

ft 

Initial  X  coordination  of  parachute  bag 

YBAGO 

ft 

Initial  Y-coordlnate  of  parachute  bag 

WBAG 

lb 

Weight  of  parachute  and  bag 

XKEAG 

lb 

Parachute  bag  drag  function 

XLB.AG 

ft 

Half-length  of  parachute  bag 

\ 

RC 

ft 

Flat  (constructed)  radius  of  canopy 

WINES- 

lb 

Weight  of  parachute  lines  (riser  and  suspension) 
and  riser  extension 

w(;npy 

lb 

Weight  of  recovery  parachute  canopy 

W5 

lb 

Emotv  oarachute  bas  weisht 
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These  input  paratneters  are  prlniarlly  dependent  on  the  geometry  and 
weight  of  the  various  components  of  the  airdrop  system.  Tl^e  tumbling  moment 
of  inertia  for  a  given  weight  cargo  can  be  approximated  by  using  the  curves 
of  Reference  (1). 

The  remaining  input  date  consist  of  tabular  values  describing  the 

following: 

e  Individual  parachute  line  tension  versus  length  (e.g.  suspension 
line  tension  versus  length).  Diameter  rctio  versus  total  fill- 
in  time  ratio 

e  Drag  area  ratlO;.  apparent  air  mass,  rate  of  change  of  apparent 
air  mass,  incltided  air  n«ss  and  rate  of  change  of  Included  air 
mass  as  a  function  of  diameter  ratio. 


Force  versus  Length 

The  force  versus  percent  elongation  data  for  each  parachute  line, 
including  riser  extension,  riser,  suspension,  suspension  slings  and  any 
additional  lines  employed  such  as  undrawn  nylon  lines;  is  required  to  predict 
the  stretching  of  the  line  during  the  development  of  the  line  tension  force. 
The  snatch  force  and  opening  shock  are  the  most  important  forces  in  addition 
to  the  suspension  sling  forces.  The  computer  program  combines  these  various 
lines  and  develops  a  resultant  line  tension  versus  length  table.  This  data 
was  obtained  from  limited  static  tensile  test  conducted  at  AAI.  The  resulting 
tensile  force  versus  elongation  data  has  been  plotted  in  Figtires  51  through 
53  for  each  parachute  line  considered.  In  the  case  of  multiple  lines;  e.g. 
twelve  (12)  risers,  e.g.  120  suspension  lines;  the  curves  reflect  the  total 
force  for  each  set  of  these  lines. 
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SIDE  VIEW  CF  'PARA'J-r;<?E 


Onfi  tne*;hod  t:  rasolve  this  film  t'-.aiing  rroblam  is  tc  d-.t^i^Tnlra 
canopy  trea.  At  thA  skirt  and  gfen-srate  wraa  va;r3us  f. ioi’S  data.  Hcwever,  this 
mothod  w«s  rot  •;r:.'?‘.d  during  the  limited  flight  t^st  f  rcgram. 

Tha  curves  of  Figure  55  present  ■; tarn -ter  growth  vf  n  time  i>r  th- 
theory  of  Reference  (l.*^)  and  B^rnlt  and  D'=-.W*i>^se  (9)  which  i;»,pic‘:s  th*:  vdcl.^r,  .•'n 
of  the  two  theoretical  approaches. 


The  canopy  drag  area  is  defined  as  the  drag  cr efficient  times  the 
area  which  develops  this  drag  coeffiotent.  For  many  aerodynamic  shhyas, 
determination  of  this  parameter  is  reasonably,  k  model  can  be  insert  i  l 

in  a  wind  tunnel  and  the  forca  recorded  or  velocity  dr.c.ey  data  can  bs  usvd  t  •' 
compute  the  drag  ccefflcient.  Kcw-.ver,  canopy  drag  differs  from  s  .11.:  be  .iy 
drag  because  of  the  prcbleirs  associated  -vith  scale  factois;  th-.rwfferr,  no 
satisfactory  experimental  method  has  been  '■iev:;.lcc*;d  to  date  to  accurately 
predict  the  canopy  drag.  Drag  da-a,  therefore,  Is  normally  genevrat*:!  frem 
either  flight  test  cr  captive  type  test  results. 


*Static  stability  re'^ui.ras  riO^/do<  (rar.  i  c  f:  -.nange  or  the  pl'-.ch',  m.-.mr"-. 
cc  efficient  with  angle  r  f  attack)  t  .  be  n‘'.goCiv  . 


Tile  drajs!  area  rate  of  srowth  for  an  Inflating  flat  circular  canopy 
is  presented  In  FlgureA-85of  Reference  13  and  re-plotted  as  Figure  56  if 
this  report.  However,  tnes.e  data  do  not  agree  with  that  obtained  by  Berndt, 
The  computer  results  of  each  theory  are  compared  and  discussed  in  para  3 
of  this  section.  The  data  developed  by  Berndt  and  DeWeese  were  used  to  obtain 
good  computer  predictions  of  the  actual  test  results. 


Apparent  and  Included  Mass  Terms 


The  apparent  and  included  mass  terms  were  discussed  In  the  January 
1968  Status  Report  11.4)  and  agreement  between  theoretical  and  experimental 
values  was  Illustrated  for  a  fully  inflated  canopy.  However,  the  theory 
differs  in  the  prediction  of  these  mass  « • i is  for  the  inflating  canopy. 
Figures  57  through  60  illustrates  the  res  ’.ts  of  the  present  theories. 
Reference  13  has  developed  the  following  equations  for  defining  the  apparent 
and  included  mass. 


m,  -  99.1  X  10“^  a  [1.71  -  (T  -  1.31)^] 
i  o 

ri,  =  198-2  X  ^  jj3  (-.j,  _  ^  3^^ 

i  t^  o 

m  -  60.075  X  lO’®  O  T^'^^ 
a  o 

150.2  X  10"®'_  -3  _3/2 
m  ■  "  —  ■  . .  CT  T 
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r  - 

L  ^ 

r 


r  i 


L 


m. 


Tn_ 


T 


D 


Includsd  canopy  tMo«  nIiirn 

I'Ato  of  change  of  includod  maNs  elnii'H/noc 

apparent  canopy  mass  slugH 

rate  of  change  of  apparent  mas?  MltigN/Hec 

dltneneionaleafl  time  ratio  ~  t/ip 
time  to  full  Inflation  hoc 

constructed  canopy  diameter  ft 

air  density  ratio  «  o/o 


The  theory  of  Berndt  and  DeWeese  (  9 )  neglecta  any  apparent  mass 
and  uses  the  g'sometrical  equations  defining  the  canopy  shape  to  determine  the 
Included  air  mass.  (Ilia  volume  la  computed  for  the  geometrical  shape  and 
multiplied  by  the  air  density  to  determine  the  Included  mass),  The  resulting 
equations  arei 


for 


T  <  .3 


m^  -  o{.22A4  dJ  +  1.3348  +  (-|)  (--|^)  +  (— |^)  ]} 


for 


T  >  .3 


d.  2 


d.  2 


Where: 


«  p{^  h[^)  +  1  +  ’T 


Dp  ■  canopy  projected  diameter 

d  ■  .9786  D  (see  Roference  91 
X  P 

,  ■  effective  skirt  diameter 

eff 

dj^  ■  skirt  diameter 

h  ■  canopy  length 
p  ■  air  density 


a^l  b  +  e  -  S-  )} 
^  3b^ 

ft 

ft 

ft 

ft 


ft 


slugs/ft' 


a,  b,  c  are  defined  in  (Reference  9  ,  see  page  17  1 
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BaptriiMne«i  4at«niMtlon  o<  thca*  maia  tarma  ualng  flight 
CMC  cttiuiCa  la  dlfficulc,  alnoa  cha  InacCU  iMaa  (maaa  conaldarcd  accaUratad 
ov  dacalacacad)  of  cha  oaaopy  la  iaccaaaad  clMcaby  Incraaaing  cha  catavdation 
(drag)  forea  of  cha  canopy*  Wriclng  cha  aquation  of  motion  of  Cha  canopy  in 
gonaral  form  illuacracaa  chia  face. 

(mv)  ■  P 

+  mv  •  T  -  D 


Wharat 


m  ■  m.  +  m.  + 

1  a  c 

A  • 

(m.  +  m  +  m  )  a  ■  T  -  D  -  (A.  +  A  )v 

1  A  C  1  Ik 

and  daflning  earma: 

T  ■  lint  Cana  ion  force 
D  ■  canopy  drag  force 

■  included  maaa 

■  apparent  maaa 

»  canopy  cloth  maaa 
V  ■  canopy  velocity 
a  ••  canopy  acceleration 

The  separation  of  each  term  of  the  equation  was  performed  to  pre¬ 
dict  the  correct  veluea  for  the  apparent  and  included  maaa  terms  for  specific 
flight  teaCa,  howeveri  the  results  were  not  conclusive  enought  to  determine 
the  actual  values  of  these  mass  terms.  Computer  studies  have  revealed  that 
the  equations  and  assumptions  of  Berndt  and  DeWeeae  result  in  the  most  accep¬ 
table  performance  prediction. 
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3*  Comparliion  01*  Experimental  &  llieorotical  KeNultn 

'rt)e  two-dlmane tonal  eomputar  programx  developed  for  uee  on 
the  EXIARP  program  have  ehown  compatibility  between  the  experimental  text 
reeulte  and  the  theoretical  computer  rexultN.  Tlie  theory  uxed  to  predict 
the  parachute  Inflation  and  drag  was  that  developed  by  Rerndt  and  DeWecNe. 
Howeveri  Dr.  Heinrich '»  work  prenented  in  Keference  13  wan  alHO  investigated, 
and  the  reeulti  obtained  with  each  of  these  theories  compared. 

The  computer  program  results  were  compared  to  the  experimental 
teat  data  by  plotting  the  cargo  trajectory,  the  altitude  loss  versus  cargo 
vertical  and  horisontal  velocity  and  the  total  line  tension  versus  time. 

After  studying  several  of  these  plots,  the  plot  of  altitude  loss  versus  cargo 
vartieal  velocity  appeared  to  beat  lllustrafe  the  compatibility  of  the  expert* 
mental  and  thaoratieal  results.  Several  general  conclusions  could  be  drawn 
from  the  eomparieone  which  ware  made  about  the  prediction  capability  of  the 
computer  program  and  tha  theory  used. 

a.  Sinea  tha  parachute  cargo  ayatam  was  Influenced  by  the 
wind,  the  accurate  preUtctlon  of  the  impact  point  could 
not  be  obtained.  This  area  is  one  which  will  always 
limit  ths  usefulnass  of  the  computer  program  because  the 
actual  wind  valocity  must  bs  known  at  ths  tima  of  the  air¬ 
drop  if  trajectory  accuracy  is  dsairsd. 

b.  Ths  oscillatory  motion  of  the  descending  parachute  cargo 
ayatam  rsquiras  knowlsdgs  of  the  aerodynamic  damping 
coefficients  which  has  not  been  considered  in  this  study. 
Therefors,  the  true  descent  velocity  profile  is  not  pre¬ 
dicted  accurately.  The  oscillations  of  the  cargo  vertical 
valocity  ae  a  function  of  altitude  are  not  correctly  pre¬ 
dicted,  but  general  agreement  is  good  with  only  the  extreme 
velocity  values  differing  in  value. 

c.  The  theoretical  and  axparimental  curves  for  altitude  loss 
versus  cargo  vertical  valocity  ware  out  of  phase  in  many 
cases  beeauee  the  parachute  inflation  theory  of  Berndt 
and  DaWaaea  does  not  predict  the  over-inflation  of  the 
parachute  canopy.  Investigation  of  the  vertical  velocity 
curves  reveals  that  the  deceleration  of  the  cargo  decreases 
rapidly  after  full  Inflation  of  tha  canopy.  This  Is  lllus- 
tratad  in  Figura  61. 

d.  Tha  lint  tansion  varsus  time  curvss  do  not  reallstlcolly 
pradict  the  opening  chock  force  when  the  parachute  is  reefed 
or  tha  opening  shock  force  after  force  transfer  occurs. 

The  proper  skirt  diameter  and  cenopy  drag  versus  time  is  not 
available  (and  attempts  to  compute  this  data  proved  un¬ 
successful)  for  reefed  parachutes.  Tne  force  transfer 
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pliftRe  was  eliminated  from  consideration  after  preliminary 
analytical  investigation  showed  the  complexity  of  pre¬ 
dicting  performance  In  this  area. 

Several  tests  haye  been  analysed  in  th-tall  aiid  the  Compatlhl li ty 
of  the  computer  and  test  rcHiilts  are  Illustrated  In  a  series  of  figures.  Test 
numbers  2,  3  and  4  have  been  studied  In-deptli  and  several  otlicr  tests  were 
analyzed  to  confirm  the  flndliiKS  of  these  Investigations.  Also,  considered 
were  three  separate  clustered  parachute-cargo  tests  including  the  25,000  pound 
cargo  test  uclng  five  G-llA  parachutes. 

The  theories  of  Re%r«nco»3  and  Berndt  and  DeWeesc  (  9  )  were 
used  to  generate  the  input  data,  tlie  computer  results  revealed  the  inaccur¬ 
acies  of  the  theory  developed  in  Reference  13  .  Using  this  theory  the 

program  generated  a  snatch  force  cf  21,000  pounds  compared  to  the  6850  pound 
snatch  force  actually  developed  ou  test  number  2.  Further  studies  revealed 
that  the  apparent  and  included  mass  terms  were  far  too  large  to  generate  :  ' 
acceptable  line  tension  forces.  Therefore,  the  computer  studies  were  made 
using  the  theory  of  Berndt  and  DeWeese  (  9 ). 

The  theory  of  Berndt  and  DeWeese  has  resulted  In  reasonsible 
agreement  between  test  and  computer  results,  except  that  the  line  tension 
versus  time  curves  generated  fiom  the  computer  program  do  not  agree  In  shape. 
However,  the  magnitudes  of  the  snatch  and  opening  shock  forces  a.re  reasonably 
correct .  The  follwlng  table  Cc^^  force  Levels  for  tea t^«^^  3^.  ~ 

Tes^  number  2  doe?  hot  in  the  *AA|  spattch  fcrce  attenuator,' wheteas  test 
number  3  does  consider  a  preliminary  snaitch  attenuator,  a  single. line  con¬ 
figuration. 


These  computer  runs  reveal  that  the  apparent  and  included  mass 
terms  are  small  during  the  initial  Inflation  period,  and  that  the  drag  force 
is  only  a  Sinall  percentage  of  the  snatch  force  compared  to  the  Inertia  force. 
Further  Improvements  to  the  canopy  growth  equations  must  be  made  to  acs^ount 
for  the  vartatlpn  In  the  line  tension  versus  time  curve  which  ts  generated 
from  the  computer  program.  Figures  62  and  63  compare  experimental  and 
theoretical  results  for  tests  number  2  and  3. 

Plots  of  altitude  versus  cargo  vertical  and  total  horizontal 
velocity  were  made  to  compare  test  and  theoretical  results.  The  vertical 
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vtleclty  ourvit  of  Flturo  64  illuitroto  tho  •qulllbrlun  volooity  pro- 
diotod  by  tho  oonputor  progtom  lo  high*  Ihlo  it  ottrlbutod  to  olthor;  (1) 
tho  fully  Inflatod  drig  oroo  prtdlocod  by  Borndt  and  DoWoooo  li  not  largo 
onoughj  or  (2)  tho  apparont  naoo  at  full  laflatlon  of  tho  oanopy  is  not  loro 
at  imo  Initially  aooumod.  Iho  eurvo  of  Figuro  65  rovoals  that  moro  eon* 
patiblo  roiulto  aro  prodtetod  whon  tho  fully  Inflatod  oanopy  drag  is  Inoroaood. 

Tho  total  cargo  herioontal  volooity  and  tho  doseont  trajoetory 
of  tho  cargo  are  tho  noot  dlffieult  rooulto  to  prodiet.  Tho  roaoen  for  this 
difficulty  is  tho  offoot  of  tho  wind  on  tho  dooeont  trajoetory  of  tho  cargo 
parachute  oyotou  and  tho  oxtromo  variation  in  tho  wind  velocity  and  direction 
for  altttttdao  bataw  2000  foot.  Binco  tho  oonputor  program 
is  two  dinonsienati  tho  offoot  of  any  wind  voleeity  on  tho  dooeont 
trajectory  is  not  eonsidorod, . except  for  tho  incraasod  airopood  of  tho  air¬ 
craft  rolativo  to  tho  ground.  This  inoroaood  aircraft  voleeity  lo  most 
Important  in  prodieting  tho  snatch  forco  that  tho  cargo  oxporioneos  during 
extraction.  PlMs  of  tho  tost  results  t9t  cargo  motion  in  tho  horisontal  X-Y 
piano*  tho  vortical  Z-X  and  2-Y  pianos*  shews  the  irregular  drift  of  tho 
cargo  during  dooeont  caused  by  tho  wind  variation  with  altitude  and  the 
instability  of  tho  dosoonding  parachute.  Figures  66  through  69  oomparo 
oxporlmontal  results  for  tho  cargo  total  horisontal  velocity  and  trajoetory 
with  actual  tost  results,  and  illustrate  that  tho  theory  of  Bomdt  and 
DoWooao  results  in  a  moro  correct  prediction *of  tho  tost  results  than  tho 
th'sory  of  Roforoneo  13. 

Possible  methods  of  rodueing  tho  effect  of  tho  wind  on  a  dos¬ 
oonding  parachute  system  wore  studied  by  Talley  (15).  Tho  parachute  flight 
path  is  ^aphieally  illustrated  to  show  tho  influoneo  of  drep  altitude,  rate 
of  doseont  and  tho  variation  of  tho  wind  structure  with  tine  in  Talley's 
report  "Tho  Effect  of  ffind  on  Parachute  Delivery  Accuracy".  Tho  results  of 
Talley's  study  showed  that  tho  induced  wind  error  duo  to  drift  was  reduced 
by  a  factor  of  two  when  tho  doscMt  altitude  was  door  eased  from  1200  foot 
to  600  foot.  Also,  increasing  the  rate  of  doseont  from  18  fps  to  24  fps 
resulted  in  a  25X  reduction  in  induced  wind  error.  Hence,  tho  most  desirable 
airdrop  system  from  a  standpoint  of  wtad  drift  it  one  which  is  dropped  from 
tho  lowest  possible  altitude  with  tho  largest  pottiblo  descent  velocity. 

Tho  criteria  for  an  acei^ptablo  horisontal  impact  velocity  was 
initially  sot  at  10  fps  plus  a  maximum  wind  velocity  of  15  knots  or  35.5  fps 
as  tho  maximum  velocity.  This  criteria  is  quottienablo,  since  no  study  hat 
boon  performed  to  determine  tho  horisontal  velocity  at  which  tumbling  occurs. 
The  vortical  velocity,  the  angle  of  the  platfwm,  and  the  angle  and  velocity 
of  tho  parachute  relative  to  the  cargo  aro  some  of  the  parsasetors  affecting 
the  msximum  horisontal  velocity  of  the  cargo  at  which  tusibllng  will  not  occur. 
Since  most  test  drops  ere  conducted  at  2000  feet,  large  horisontal  velocities 


*  The  X,  Y,  Z  coordinate  system  at  the  test  site  in  which  the  DZ  is 
located  is  used. 
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of  tho  esrgo  •nti/or  IHgIt  angltR  of  Impact  do  not  exist,  and  hence,  no  tumb¬ 
ling  of  the  load  rosultM.  llowovar,  at  lower  descent  altitude  this  problem 
is  nova  pronouncad  and  must  ba  invaatigatad  in  detail  since  no  exact  critcrio 
othar  tlian  "tlia  load  did  not  ovocturn"  exist  for  determining  acceptable 
horiiontal  velocities. 

Tile  compatibility  of  the  computer  results  with  actual  test 
results  is  illustrated  for  three  and  five  U-llA  parachute  clusterH  in 
Figure  70  and  71  .  In  Figure  70  the  sudden  change  in  the  velocity  occurs 
at  the  time  of  full  Inflation  clearly  illustrating  the  need  to  predict  the 
parachute  over- inflat  ion.  Ilowevar,  tha  results  of  both  figures  are  most 
ancouragingi  and  revaal  that  tha  parformance  of  different  parachute  clusters 
can  be  predicted  with  reasonable  accuracy. 

The  results  in  tliis  section  have  been  presented  to  indicate  the 
degree  of  eompAtibility  which  presently  exists  between  the  theorstiesl  and 
axperlmental  raaults.  'Ilia  computer  program  and  tha  aceompanylni  input  data 
defined  in  the  proceeding  sections  has  bssn  used  to  predict  the  results  for 
the  detailed  system  performance  study  of  part  4 
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■  t .  Systi'w  I’l-rl  onnnnci'  Knvoln|H-  Slinly 

a, 

'llu’  t'h  li'i't  1  v»’»»  of  till'  .HyKti*ni  porfonnnticp  envelope  Htndy 
was  ti'  anniy.'o  the  I  ra  leel  nry  aiul  hmly  motion  of  typli'al  carKocn  to  determine 
the  elTi'etn  of  the  svHtiin  o|H>ratlon.  niorcforo,  niimi'riMiN  computer  pronrum.s 
were  ileveloped  in  an  iilliiupl  to  accurately  predict  the  performunce  ui'  the 
KXIART  systi'in.  Hie  aeeeplah  i  I  1  ty  of  the  comtniter  proKrani  resiilta  waH 
illustrated  in  the  preceiHlinn  part  of  tlila  aectlon.  However,  acveral  com¬ 
puter  Input  parameters  values  were  determlncil  empirically  to  arrive  at 
aceeptahle  theoretleal  soluilt«ns,  'lliesc  parametera  were  the  canopy  Inflation 
time  and  the  parachute  drnu  ni'i-a.  For  the  aloKle  parachute  airdrops  the 
inilation  time  i»btaiiu-d  fri'm  reading;  the  I6iiin  films  resultetl  in  noixl  corre¬ 
lation  of  the  exper  liiH'iital  and  theoretical  results.  Also,  by  ili'terinin  In^  the 
averaije  vertical  rati  <»f  descent  from  Invest  i};at  in^  the  c  incthcodol  i  to  data, 
the  parachute  drai;  .irea  fiir  the  steady  state  descent  seRmeni  of  the  tra- 
lectery  was  ciY.iputed  by  equating  the  aerodynamic  drag  to  the  systeni  weight. 

Th«  dacamlnatlon  of  the  inflation  tisw  of  C  IIA  parachutes  in 
cluatcr  configuration  was  ouch  nore  complex.  The  use  of  motion  pictures  to  ob¬ 
tain  inflation  times  vas  impossible  beesuse  of  the  difficulty  in  distinguishing 
the  individual  canopy  skirts  in  tha  pictures.  This  is  illustrsted  by  the  infla¬ 
tion  times  read  by  tha  film  saaders  at  El  Centro  for  the  teat  requirii^  five 
C-llA  parachutes.  The  .varage  time  read  waa  9.05  saconda  but  the  range 
of  tioMS  vas  4,76  to  15.2  aaconda.  Hanca,  anothar  sMthod  waa  davtloped  to 
determine  the  inflation  tioa  of  clustered  parachute  configuration.  Using 
Che  proper  computer  program  to  analyze  the  parachute  cluster  and  cargo 
perfomance.  the  inflacion  cine  was  varied  until  the  computer  results 
matched  cliose  of  Che  flight  tests.  Care  was  taken  Co  use  Che  correct  initial 
conditions  for  each  flight  test  analyzed  in  this  manner  with  special  con¬ 
sideration  given  to  Che  line  length  and  total  system  weight  parameters.  This 
trial -and -error  solution  for  determining  the  inflation  time  worked  very  well 
for  Che  flight  tests  which  were  successful. 

To  predict  the  system  performance  over  the  entire  cargo 
v.eight  range,  test  data  was  needed  for  the  final  EXIARP  system  selected  for 
each  individual  parachute  configuration.  Unfortunately,  this  data  was  not 
obtained  for  several  parachute  configurations  because;  (1)  the  test  program 
was  terminated  prior  to  running  flight  tests  using  more  than  five  parachutes; 
and  (2)  the  final  system  components  were  modified  as  a  result  of  the  cluster 
parachute  tests  which  were  conducted.  As  a  result  of  these  occurrences  only 
three  tests  could  be  used  Co  empirically  compUb#  the  canopy  inflation  times. 
These  tests  used  a  93  foot  centerline  and  the  inflation  time  versus  number 
3f  parachutes  is  plotted  in  Figure  72.  Extrapolation  of  the  data  beyond 
five  parachutes  is  questionable ,  however,  this  method  is  the  best  which 
presently  exists  and  consequently  was  used.  The  resulting  curve  Is  a  straight 
line  defined  by  the  following  equation. 


tj-.  4.2  /  0.3  I 

«  canopf  infl«tion  ei<e«t  ••  4/ifln4i  by  B«rnde  asd 
DnIhMan  (eiM  iatarval  from  akirt  axitlng  th4 
(iaployaiant  bag  to  tha  flr*^  davalopnast  of  tha 
s^::iadyatcta  rai:opy  dlamatar). 

N  m  n-jmbar  of  C>11A  parachute*. 

CrKrp'itatloa  of  tha  drag  araa  cf  cha  varloot  parachuta 
s.'^ua'.'ira  vaa  ct^plicatad  by  tha  fact;  that  vortical  rata  of  daacent 

of  th't  ^argo  I'.f  net  raacb  a  ataady  atata  vaiua  uotil  tha  laat  lOO  faat 
ni  iAtzf:x  L.  th4  2000  foot  airdrops  whau  ual’-g  a  95  foot  cantorllna  and 
hx'ca,  s':‘‘.«.dy  sta'.a  cor.diti«>&s  vara  not  achievsd  ic  tha  900  foot  drops.  It 
vks  bupad  tbrt  a  clustar  affieianey  faetcr  for  aacb  el'istarad  paraehuta  cot* 
figurati:;t  e<.uli  be  obtalnad  by  ratloicg  the  clustar  paraehuta  drag  araa 
to  tha  single  paraoh’^ta  drag  araa.  Though  this  eoaputatlon  proved  frultlass. 
the  .iff-ict  '•f  the  elustsr  efficiency  factor  on  tha  Inflation  time  eomputatlcn 
vas  Insignificant  and  henca,  tha  inflation  time  equation  dsvalopad  prevlcusly 
could  be  used  tir  this  study. 

Bacause  of  tha  eosplaxlty  of  describing  tha  parachute  and 
cargo  pr.rfonoance,  a  sicgla  parformance  paraseter  has  baen  salactad  to  pra* 
ehr  results  pr%%!ict9d  by  tha  computer  programs  for  tha  system  parformacce 
anvalupa.  This  pHrametar  ia  tha  cargo  vertical  velocity.  Comparisons  of  ax- 
petiwmtal  and  theoretical  rasulta  have  ahovn  that  tha  cargo  vertical  velocity 
if  nr<t  senfitiva  to  tha  vlnd  <«ith  tha  exception  of  theraala).  Other  parsnetars 
such  as  cargo  trajectory  and  horisontal  velocity  ara  important  but  tha  correla- 
ticr.  b<stveen  Cast  and  computer  run  is  good  only  when  tha  test  mss  conducted  in 
a  aero  wind  enviresment . 

In  ualxsg  tha  cargo  vertical  velocity  paraaeter  for  this 
study,  tha  limiting  value  has  bean  defined  in  Cha  contract  scope  and  tha 
a.':captability  of  each  airdrop  (  from  a  vertical  iaipaet  atandpoint)  can  be 
as::srtained  inmediacely.  Studies  have  shewn  that  the  curves  of  altitude 
less  varfus  cargo  vertical  vsloeity  for  the  axpari«aatal  and  theorstical 
r-fs.:l::s  agr>iS  art  reaaly  mBlt  until  tha  second  knaa  in  Cha  cargo  trajectory 
’  After  this  point  the  affect  of  parechuta  over  icflecion  ospaclally 

vith  tha  csntcrline  iaatalled  in  tha  parachute  causes  variations  In  the 
\’^.r'ical  velocity  predicted  by  tha  cotipuCer  programs  and  test  results. 

?lg.rr  73  lll:;stracef  this  variation*  Tharafors,  the  point  at  which  the 
Argo  vertical  "^e.ocity  reachsf  23  fps.  bstvaen  first  and  second  knees  of  the 
fraj-ictory,  hss  been  uaed  to  present  and  compare  the  axpactad  system 
j^.rfoTxa'.se.  This  pcint  is  shown  in  Figure  73. 
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b.  RcauttH 

Thorp  Ate  numerouA  parametera  which  could  ba  invest; iKater! 
in  a  Rtudy  of  this  type  with  an  Infinite  number  of  combinations  If  the 
interaction  of  all  these  parameters  were  studied.  Therefore  only  those  parameters 
have  been  selected  which  arc  ttic  most  Important  based  on  post  experience. 
Previous  parameter  studies  have  used  a  general  case  which  liad  a  known  set  of 
initial  conditions  to  analyse  tho  effect  of  varying  different  parameters. 

In  this  program  two  such  general  cases  have  been  used  to  evaluate  the  system 
performance  envelope.  These  cases  will  be  refered  to  as  Gases  I  and  11  for 
discussion  purposes  und  tho  portinent  computer  input  data  for  those  cases  Is 
suininarlaod  belox«. 


Parameter 

Case  I 

Case  II 

Number  of  parachute 

1 

3 

Type  of  parachute 

G-llA 

G-UA 

Cargo  weight  (rigged) 

3500  lbs. 

12,000  lbs. 

Drop  zone  elevation 

Sea  Laval 

Sea  Leve  1 

Aircraft  spead 

130  knots 

130  knots 

Wind  condition 

i 

No  Wind 

No  Wind 

Platform  length 

8  ft. 

20  ft. 

Position  of  cargo  in  aircraft 

At  A/C  c.g. 

At  A/C  c.g. 

Line  length 

138.5  ft. 

138.5  ft. 

Canopy  inflation  time 

8.62  sec. 

5.0  sec. 

Fully  Inflated  canopy  drag  area 

7242  ft^ 

7242  ft^ 

Cluster  efficiency  factor 

1.0 

1.0 

Drogue  parachute  size 

15  ft  ring 
slot 

28  ft.  ring 
slot 

Since  these  studies  were  performed  earlier  in  the  program 
several  Input  values  have  changed.  For  example,  the  cargo  weight  per  para¬ 
chute  has  been  Increased  to  5000  pounds  from  3500  pounds.  However,  these 
general  case  studies  Illustrate  the  effect  on  system  performance  of  varying 
any  given  parameter.  To  illustrate  the  expected  system  performance,  the 
actual  EXIARP  system  has  been  analyzed  over  the  entire  cargo  weight  range  of 
2000  to  35,000  pounds.  The  expected  parameter  values  have  been  used  fer 
this  investigation. 
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llie  following  1  tit  of  parameUirH  h«N  boon  InvoNt iK«ied  tn 
dottrtninc  tlitlr  of  feci  on  Nyitom  porforiianee, 

Goncrftt  Cue  I  w«i  uiod  to  invoitifloto  the  ..... 

e  canopy  loading*  W/(^A 
a  cargo  relcoHo  force 
e  cirogiio  parachute  reefing 

and  General  Case  IT  was  used  to  study  the  . 

e  canopy  inflation  time 
e  1 inc  I ength 

e  cluster  offlctency  factor 

e  cargo  location  in  the.  aircraft  prior  to  release 

e  platform  length 

e  aircraft  velocity 

e  cargo  weight 

The  results  presented  reveal  that  the  cargo  weight,  the 
line  length,  and  the  canopy  inflation  time  are  the  parameters  which  effect 
the  cargo  descent  and  Impact  performanee  the  most.  The  extraction  force 
la  effected  primarily  by  the  aircraft  speed,  the  drogue  parachute  sise,  and 
the  canopy  loading.  A  discussion  of  each  of  the  above  parameters  is  pre¬ 
sented  as  follows. 

(1)  Canopy  Loading 

The  rigged  cargo  weight  was  increased  from  3550 
pounds  to  A500  pounds  for  a  single  G-llA  canopy  to  obtain  the  Variations 
in  performance  which  results  when  using  extraction  by  recovery  parachutes. 
The  ollowlng  results  were  obtained: 

e  The  snatch  force  in  pounds  was  the  same  for:  both 
weights,  and  the  opening  shock  increased  by  only 
a  small  amount  (several  hundred  pounds),  however, 
the  g  loading  of  both  forces  increased  by  the 
weight  ratio  (4500/3550)  for  the  lighter  weight. 

e  The  altitude  loss  to  an  acceptable  vertical 

velocity  value  increased  for  the  high  weight  case 
however,  acceptable  velocities  were  obtained  at 
an  altitude  loss  less  than  500  ft. 

e  The  increased  weight  case  caused  small  reductions 
In  the  horizontal  velocity  and  trajectory  oscilla 
tlons. 
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In  ginivAl,  die  rMulte  eppeered  acceptable  for  deNcent  altitude  of  400* 
or  more  for  an  unmodified  U-UA.  Some  coneern  exigta  aa  to  the  aeeepta- 
bllity  of  the  impact  angle,  which  la  aa  high  aa  S0°  between  400  to  600  feet 
of  altitude  loear  a^  vdtether  the  cargo  will  overturn  at  impaot , 

(2)  Cargo  Release  Force 

Hie  computer  reaulta  illustrate  that  the  cargo  release 
force  has  a  small  effect  on  the  magnitude  of  the  snatclt  and  opening  shock 
forces.  The  following  cable  illustrates  these  results. 


Rti lease  Force 

Snatch  Force 

Opening  Shock 

_(lby  __  . 

_  Clb)  _  _ 

(IbJl 

2000 

6450 

6470 

3500 

6460 

6480 

6000 

6490 

6520 

(3)  Drogue  Parachute  Reefing 

InH:he  EXZARP  system  the  ^Trogue  parachute  is  used  to 
extract  the  recovery  parachute Cs)  and  not  the  cargo.  Thereforei  the  require¬ 
ment  of  the  drogue  parachute  Is  to  extract  the  recovery  parachute (s)  in  Its 
deployment  bag  (g)  gueh  that  the  bag  does  not  hit  the  ramp  during  extraction. 
The  drag  area  of  a  15-foot  ring  slot  parachute  was  reduced  to  determine  the 
effect  of  drogue  parachute  aiae  on  the  snatch  force.  The  following  results 
were  obtained  from  the  computer  program. 


15'  RS  Drogue 

V 

Reefing  Line  Length 
(ft) 

Parachute  Snatch 
Force  (lb) 

Parachute  Open¬ 
ing  Shock  (lb) 

lOOX 

None 

6450 

6480 

80% 

42.0 

6280 

6400 

60% 

36.4 

6010 

6295 

The  above  results  were  obtained  by  reducing  the  (LA  of 
the  drogue  parachute  only  and  not  changing  the  apparent  and  included  mass  of 
the  drogue  parachute,  which  are  reduced  due  to  the  reduction  in  canopy  volume 
associated  with  a  (LA  reduction.  The  decrease  of  these  mass  terms  will  tend 
Co  furtlier  reduce  tne  snatch  force. 

To  obtain  a  reduction  in  Cj^A  the  ring  slot  parachute 
must  be  reefed.  The  resulting  reduction  in  force  cove loped  by  a  reefed  canopy 
causes  a  decrease  in  the  relative  velocity  between  the  recovery  parachute  In 
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itN  deployment  (when  cxtr«et«<!  by  the  drogue  pnraeluito)  and  tho  cargo 
In  tha  aircraft.  Iltld  roMultR  in  a  dccrcaao  in  the  anatcli  force. 

One  problem  aaeociated  with  reefing  the  drogue  par«- 
ehute  ii  the  drop  of  the  recovery  parachute,  In  Its  deptoymont  bag,  along  Ica 
trajectory  in  the  aircraft  during  extraction.  The  height  of  the  bag  above 
the  aircraft  floor  versus  the  distance  the  bag  travels  is  plotted  in  the 
following  sketch. 


Thu  curves  above  are  conserve tive^n  nature,  since  the  initial  restraint 
(ties)  of  the  bag  to  tha  cargo  has  bean  neglected.  This  restraint  causes 
higher  accelerations  than  those  associated  with  a  no-restraint  situation, 
and  will  tend  to  reduce  the  bag  height  loss  with  horlsontal  travel, 

C4)  Canopy  Inflation  Time 

In  analyzing  the  effects  of  the  canopy  inflation  time 
on  the  system  performance,  general  case  II  described  previously  in  this 
section  was  employed  and  the  inflation  time  was  the  only  parameter  varied. 
Inflation  times  from  4  to  10  seconds  were  investigated,  since  this  range 
covere  the  expected  inflation  time  of  a  G>11A  recovery  parachute  using 
the  vent  pull  down  technique.  (Phase  I  test  results  indicate  inflation  times 
less  than  5.0  seconds  for  the  85'  centerline  vent  pull  down  system,  and  8.5 
seconds  for  au  unmodified  G-llA  parachute)* 

By  plotting  the  altitude  loss  when  the  cargo  vertical 
velocity  never  exceeds  23  fps  versus  Inflation  time,  the  increase  in  altitude 


ft 


IS 
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lots  with  Inflation  tima  ia  claarly  illuatratad.  aoa  Pigura  74.  Thougti 
tha  curva  la  non  linear,  a  tranaition  in  tha  cvrva  oecura  at  approxlnataly 
6.3  seconds, with  tha  inflation  times  lower  than  this  value  being  less 
sensitive  to  time  variation  than  those  values  greater  than  6.5  seconds. 

Hence,  inflation  tisMs  for  three  parachute  clusters  (which  Is  being  invest* 
igated  it;  Cbse  II)  should  be  leas  than  6.3  seconds  for  ailnlnum  sensitivity 
to  inflation  time.  Tlie  change  in  altitude  loss  in  this  time  region  being 
22  feet/second  of  inflation  time. 

Selection  of  shortest  time  for  optimum  perfomvince 
is  implied  by  the  results  presented  in  Figure  74,  however,  to  select  the 
optimum  time  the  horizontal  velocity  and  oscillation  angle  must  be  considered 
these  parameters  increase  in  value  as  the  inflation  time  decreases,  and  could 
cause  unacceptable  impact  conditions.  However,  for  the  three  teats  conducted 
at  300  foot  altitude  the  cargo  impact  was  acceptable.  The  tsaximum  weight 
dropped  from  this  altitude  was  13,000  pounds. 

(3)  Line  Length 

The  line  length  of  the  general  three -parachute  cluster 
ease  II  was  varied  for  different  filling  times  to  determine  effect  of  varying 
the  line  lengf.  The  line  length  variation  was  kept  within  a  realistic 
operating  range  for  the  extraction  by  recovery  parachutes  system.  The  case 
studied,  included  filling  times  of  3  and  7  seconds  and  line  lengths  ranging 
from  118.5  to  138.5  feet.  The  acceptability  of  the  118.3  feet  line  length 
is  questionable  from  a  flight  safety  standpoint,  however,  it  was  run  to 
determine  its  desirability,  if  any. 

Figure  73  illustrates  that  the  lowest  altitude  loss 
occurs  for  the  shortest  line  length  and  the  shortest  Inflation  time.  Hewever 
vary  little  reduction  ia  altitude  loss  is  developed  by  shortening  the  line 
length  below  133  feet. 

(6)  Cluster  Efficiency  Factor 

The  three-parachute,  12,000  pound  cargo  case  was 
used  to  analyze  the  effect  of  reducing  the  cluster  efficiency  factor  or 
total  cluster  parachute  drag  on  system  performance.  Threw  differenct  cluster 
factors  were  studied,  1.0,  .93  and  .85  and  the  results  plotted.  There 
results  showed  very  little  change  in  the  shape  of  the  plotted  curves  for  the 
cargo  descent  trajectory  and  the  altitude  loss  versus  cargo  horizontal  and 
vertical  velocities.  The  altitude  loss  increased  slightly  for  decreasing 
cluster  factor;  however,  the  major  parameter  variation  was  the  cargo- 
parachute  equilibrium  descent  velocity.  The  equillbri^jm  velocity  varies 
as  the  square  root  of  the  cluster  efficiency  factor  and  for  values  less  than 
one  the  equilibrium  velocity  increases. 

For  low  altitude  airdrops  of  heavy  cargoes  the  develop 
ment  of  steady  state  descent  of  the  parachute-cargo  system  is  unlikely,  and 
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and  orfir.lng  shock  forcas  nor  aff'sct-.d  *'y  tV.  cargo  toslticr  ‘;«rlation. 

Thi^s®  r'^isuits  f.'CC'crrnd  bftcausfcs  the  same  line  length  was  used  fc'r  each  cav  -., 
however,  for  aircrafts  such  as  the  C- 141- and  0-5A  the  most  forward  oositirn 
cf  the  cargo  will  require  a  longer  lino  length  and  may  cause  signif ’.'.-.a;..!: 
va-rlations  tt  the  extraction  forces  and  the  cargo  desoent  veicc-itiws,,  A.s 
previously  discusssd,  increasing  line  les.gths  may  cause  increased  altit  :;ce 
ijssee  and  horizontal  impact  velocttias.  The  future  c£  I:v  altitude  air 
delivery  from  oversiae  :argc  aircraft  may  hinge  cn  the  solutiwn  fo::  this  cargo 
extraction  problem.  Computer  studies  such  as  those  presently  b-ing  rerfermr.d  by 
AAI  would  greatly  r-tduce  the  work  rtx;ul-reu  to  determine  the  system  re-;*':'imance 
for  the  extraction  cf  cargoes  frem  aircraft  such  as  the  G-141  and  0“5A. 

Invest ig*»t ion  cf  the  oumput-r  results  for  the  cargo 
locations  studisi  revealed  that  the  system  performanc;.-;  was  net  affected  by 
the  variation  in  cargo  position,  Tt.-j  difference  in  altit-jde  less  was  less 
than  10  feet  for  the  cases  sttidiei, 

(8)  Plat f cm:  L'-ngth 

Tr.>=!  platform  W-gth  using  the  same  weight  cargo  was 
varied  from  17.  tc  20  fhi.tr.,  Thi;  rv-aults  shc-V'~.i  very  littls  variation  in 
performance. 

(9)  Aircraft  ?eloc-lty 

The  cperat..cnaL  aircraft  sp^^■Ai  rang'-j  studied  was  ilO 
to  150  ktiOts  for  airdrop  of  a  12,000  pound  cargo.  The  effAc:  of  th""-  air-raft 
velocity  ozi  tha  cargo  descent  tra^t ctc.cy  and  cargo  velocity  is  ^rugligibie  fnz* 
this  spsrd  range.  Th-i  most  significant  liff'uct  cf  the  \w.risci-.n  in  aircreit 
St-.aed  is  that  the  snatch  ar.i  opening  sh-.cck  forces  er’-  increased  by  a  fa,ct:''.x 
of  1.7  when  the  spi-ed  increases  frerr.  110  tc  130  knots.  To  assure  ?a:.c'=.:' table 
extraction  for-oes,  the  snatch  f.r-n  et-’-.nu*  tor  system  has  b-,.'.n  ,  -r 'esigr.ed 
at  the  aircraft  sp-r-d  ct  120  k;r.:,ts.  Px>'.l-im.in&::y  c.-moutTr  r-sv.lts  in ;  ioat'".  ?. 


4  .*>  /*> 


ir crease  in.  the 


.-fi.c  tion  forces  oaus  ;’  by  ir.crc.isln.g  th--.  air  speed 


from  130  knots  to  the  mAov.tr.um  of  .150  kn.cts. 
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(10)  Cargo  Weight 

Tliti  cargo  waLght  paramotur  is  uaud  to  indicate 
the  expected  purformancu  of  the  fiXXARP  syatam.  Actual  flight  testa  have 
demonstrated  system  feasibility  for  cargoes  weighing  op  to  15,000  pounds, 
and  have  IndLcuted  tiiat  acceptable  low  altitude  performance  may  bo  doveloped 
for  cargoes  weighing  up  to  25,000  pounds.  This  study  has  been  used  to 
extend  this  investigation  to  the  maximum  cargo  wclglit  of  35,000  pounds 
to  be  airdropped  at  low  atlitude. 

Rased  on  flight  test  results  and  computer 
analyses  the  following  cargo  weight  range  as  a  function  of  the  number  of 
parachutes  was  developed.  The  maximum  cargo  weight  In  each  weight  range 
was  analyzed  In  this  study. 


Number  of  GO)' 
Recovery  Paracliutes 

Cargo  Weight  Range 
(Pounds) 

1 

2,000  -  5,000 

2 

5,000  -  10,000 

,  3 

10,000  -  15,000 

4 

15,000  -  20,000 

5 

20,000  -  25,000 

6 

25,000  -  30,000 

7 

30,000  -  35,000 

Since  numerous  other  parameters  are  dependent  on 
the  cargo  weight,  the  value  of  these  parameters  was  varied  as  the  cargo 
weight  changed.  These  parameters  Include: 

s  cargo  tumbling  moment  of  Inertia 

•  platform  length 

s  longitudinal  and  vertical  distances  from 

the  extraction  point  of  the  cargo  center 
of  gravity 

•  cargo  release  force  (rail  lock  setting) 

s  drogue  parachute  size,  weight  and  initial 
position 

s  parachute  bag  drag  function 

The  results  predicted  by  the  twox-dimensionsl 
computer  progrem  using  the  empirically  determined  parachute  Inflation 
times  are  preaented  In  Figure  76,  The  curve  for  altitude  loss  to  V_  ^  23 
fps  versus  rigged  cargo  weight  does  not  clearly  Indicate  the  minimum 
altitude  loss  for  a  successful  low  altitude  airdrop  since  the  horizontal 
velocity  and  Impact  angle  of  the  cargo  must  be  considered.  The  curve 
intersects  the  500  feet  altitude  loss  value  Just  prior  to  35,000  pounds 
for  the  cargo  weight.  To  achieve  a  successful  airdrop  for  this  maximum 
cargo  weight  the  altitude  would  in  all  probability  have  to  be  Increased 
possibly  to  the  550-600  foot  region  to  achieve  an  acceptable  rate  of 
descent. 
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S.  High  AlCltttd«  Drop  Zofio  Study 

Slnco  tho  BXZAXP  lyttom  u««d  Mrodynamle  doeolorAtors 
(:^%r«''.hun9s)  for  roeovary  of  airdrop  eargoof,  any  raduction  In  air  danalCy 
viU  tar.d  to  dagrada  tha  ayatam  parfonaanea.  For  thla  raaaon  AAX  haa  attomptad 
•o  ovardealgn  tha  daealaratlon  eapabllltiaa  of  tha  BXXARF  ayatam  for  oparatlon 
s6a  lavel  drop  aonaa  (atandard  day  eondltlona).  Tha  erltarlon  of  navar  ax- 
28.5  fpa  for  tha  cargo  vartlcal  valoelty  aftar  300  faat  of  daacant  at  a 
5000  feet  drop  cona  and  lOO^F  tamparatura  haa  baan  uaad  for  datarmlnlng  tha 
rrcf^.^tablllty  of  an  airdrop.  Tharafora,  moat  cargoaa  In  tha  U.  s.  Army  airdrop 
t^i /^';tory  will  not  raqulra  additional  dacalaratora  or  an  Ineraaaad  altltuda 
abc-M  nhft  tarraln  for  oparatlona  carrlad  out  to  drop  aonaa  of  5000  faat  alavatlon 
ani  tamparaturaa . 

To  llluatrata  tha  dagradatlon  In  ayatam  parfoiBMmea  eauaad 
by  a  raduction  In  air  danalty,  a  12,000  pound  cargo  (ganaral  Caaa  IX)  haa  baan 
ct-alyead  for  drop  aonaa  at  5000  faat  and  41^,  10,000  faat  and  23  r  and  15,000 
fust  and  6^P. 


FI  .raa  77  and  78  indioata  tha  ayatam  parfomanca  variation 
fez  air  danaltlaa  from  a  minimum  valua  of  .0015  to  a  maximum  valua  of  .00313 
!»lugs/fc^.  Tha  flguraa  llluatrata  that  daeraaalng  air  danalty  cauaaa  tha  ax- 
traetlon  forces  and  altltuda  loss  to  aecaptabla  vartlcal  velocity  to  Ineraaaa 
ard  tha  cargo  horlaontal  velocity  to  daeraaaa.  Tha  altltuda  loss  differs  by  only 
80  feat  for  tha  air  danalty  range.  Illustrating  little  sansltlvlty,  whereas  tha 
^ixtraotlon  forces  are  significantly  affected  by  tha  air  density. 


Tha  •inat' '  force  la  dependant  on  tha  true  air  spaed,  which. 

In  turn,  la  Inver  .  Iv  w.a  by  tha  air  danalty.  Tha  following  aquation  relates 
indicated  airspeed,  true  airspeed  and  tha  air  density, 


where 


Indicated  airspeed 
true  airspeed 


air  density 

sea  level  air  density 


Th.:r-ifors,  for  a  constant  indicated  airspeed  and  decreasing  air  density 
(:V'^::^uaslnx  altitude),  Che  true  airspeed  increases  causing  the  snatch 
to  increase.  . 
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F.  Til.l.  (Tvehnioal  Intagration  and  Evaluation)  Study 
1.  Introduction 

Tiia  data  raqulrcu  by  Dunlap  and  Aiioclataat  Inc.i  ai  act 
forth  In  thalr  report  entitled  **Infomatlon  Requirement!  for  Technical 
Integration  and  Evaluation  of  Low  Altitude  Cargo  Airdrop  Syitemi"  (16) 
haa  been  preaented  In  AAI  Report  No.  BR-60S5  and  la  aunnarlaed  In  thla 
aectlon.  The  data  requirement!  aet  forth  In  th«  above  report  Include 
evaluation  parameter!  for  apeclflc  loada  in  the  U.  S.  Army  airdrop  inventory, 
performance  of  apeclflc  airdrop  cargoea  In  varioua  environmental  and  aircraft 
drop  condition!  and  additional  aupplenantary  conaldoratlona  Including  relia¬ 
bility,  aenaltlvlty,  flexibility,  aignatura,  realdue  and  ecat  data. 

The  moat  dealrable  aource  of  data  la  from  actual  airdrop  testa. 
However,  the  rumber  of  airdrop  te^ts  were  limited  and  testa  could  not  be 
conducted  for  the  specific  loao  Items  aet  forth  In  the  T.l.S.  requirements. 
Therefore,  the  majority  of  the  Inform  t ion  r;.qulr ad  for  the  T.I.E.  report 
was  generated  from  computational  techniques.  AAI  developed  a  mathematical 
aiodal  In  the  form  of  a  oomputar  program  to  predict  expected  raeulta  for 
cargo  airdrops  using  recovery  parachutes  for  axtraotlon*  The  theoretical 
results  obtained  from  this  computer  program  agree  very  well  with  the  test 
results  with  the  exception  of  predicting  the  correct  oscillation  angles • 


2.  Effectiveness  Parameters 

In  order  to  evaluate  the  effectiveness  of  a  system,  it  Is 
necessary  to  examine  the  effects  on  performance  of  the  variances  in  the  more 
Important  system  parameters.  The  T.I.E.  contractor  provided  a  list  of  these 
parameters  and  a  dual  approach  has  been  taken  to  generate  the  desired  effective¬ 
ness  values.  First,  empevlcal  data  from  the  airdrop  tests  were  used,  wherever 
possible,  to  establish  these  values;  and  second,  mathematical  models  were 
developed,  checked  against  the  emperlcal  data,  and  then  used  to  predict 
expected  effectiveness  in  those  regions  where  emperlcal  data  was  lacking. 

Due  to  the  limited  nature  of  the  emperlcal  data  this  second  approach,  the 
use  of  the  mathematical  model,  was  the  technique  most  generally  employed. 

The  following  Is  a  list  of  parameters  for  which  effectiveness 
studies  were  made. 

e  Drop  sequence  and  times 
e  Accuracy  measurements 
e  Maximum  forces  and  force  histories 
e  Impact  characteristics 

e  Minimum  drop  altitudes 

e  Multiple  load  restrictions 
e  Cumulative  drop  times 

e  Compatibility  with  existing  personnel  system 
e  Aircraft  utilization 
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In  addition  to  tht  abovo  paratnattn,  lovaral  apaelfle  eondItionN 
were  avaUiatad  whlci)  included  envlronmantal  oonditions  and  high  altitude  drop 
zone a. 

3.  Supp I amentary  Gone iderat lone 

Xn  addition  to  the  preaentatlon  of  the  reaulta  of  inveatigationN 
of  the  effectiveneaa  parametera  in  the  aforementioned  report,  aeveral  aupple- 
montary  eonaidcrationa  are  prerentad.  Thaae  eonaiderationa  include, 

e  Reliability 

a  Seneitlvlty  and  flaxlbilliy 

e  Signature  and  reaidue 

a  Coata 

The  reliability  eonaiderationa  preaanted  inelude  both  mechanical 
and  human  reliability,  for  mechanical  reliability,  a  listing  of  the  failure 
aourcea  and  aaaoeiated  information  auoh  aa  numerical  reliability  eatimatea, 
failure  effeeta,  detectability  and  failsafe  features  la  given.  The  human 
reliability  analyses  are  made  through  comparison  of  the  human  operations  of 
the  BXIARP  system  and  the  standard  aystem. 

Sensitivity,  for  analysia  purposes,  was  considered  to  be  the 
deviation  of  operational  parameters  such  as  aircraft  speed  and  altitude,  and 
load  waight  caused  by  human  and  instrumentation  errors.  A^Yanga  of  variation 
was  assigned  to  each  parameter  and  the  effect  of  these  variations  oonaidared. 
Flexibility  was  considered  to  be  a  large  planned  change  in  pi^ameter  values. 
Again  a  set  range  of  variation  was  considered. 

The  signature,  residue,  and  cost  of  the  BXlAlf  system  was 
compared  to  the  standard  system  and  the  results  presented  in  the  T.I.B.  report. 


V.  CONCLUSIONS  AND  RECOMMENDATIONS 

Tlic  purpoat  of  nhiii  program  wat  to  conduct  an  in-depth  exploratory 
development  Invaatlgation  of  the  BXIARP  concept  with  the  objective  being  tlir 
eotabltshment  of  feaalble  and  practical  deelgna  for  a  low  altitude  airdrop 
•yatam  which  uaas  Inflation-aided  recovery  parachutea  for  extraction.  To 
attain  the  objeetiveai  a  plan  employing  a  combination  of  design,  analynlN  and 
testing  was  pursued  wherein  the  testa  were  a  dominant  factor  since  by  this 
means  feasibility  and  practicality  was  determined.  Originally  it  had  been 
planned  to  conclude  the  program  with  a  aeries  of  demonstration  airdrops  from 
a  500  foot  altitude.  Circumstancea,  however,  led  to  termination  of  the 
teat  program  before  this  could  be  achieved  and  demonstration  airdrops 
amploylng  a  15,000  pound  cargo  wara  tha  only  tests  conducted  at  low  altitude. 
Davelopmant  eaata,  howevar,  from  a  2000  foot  altitude  for  cargoes  weighing 
up  to  25,000  pounds  ware  completed  before  termination  of  the  test  program, 
and  analysis  of  tha  results  indicate,  that  satisfactory  performanca  from  a 
300  foot  altitude  for  cargoes  up  to  this  weight  value  may  be  expectad. 
Mathematical  models  simulating  the  functioning  of  tha  system  wara  chaekad 
against  axpsrlmantal  data  from  the  test  program  and  refined,  where  necessary, 
BO  that  general ly  good  correlation  of  pradictad  and  actual  performance  was 
obtalnsd.  Thssa  mathematical  models  were  then  used  to  obtain  predicted 
performance  in  the  cargo  weight  ranges,  and  for  the  equipment  combinations, 
where  test  results  wsre  not  available.  The  major  findings  of  this  program 
ars  summarltad  in  the  following  Hat: 

1.  The  inflation  time  for  parachutes  equipped  with  inf lector  type 
inflation  aids  was  raduesd  aomawhat.  However,  for  both  single 
and  cluster  parachute  configurations  thsse  inf lectors  induced 
high  system  oscillations  and  their  use  in  the  EXIARP  system  la 
not  recommended. 

2*  Oscillation  damping  parachutes  in  the  low  cargo  weight  range 
results  In  optimum  performance,  l.e.,  very  low  oscillation 
with  acesptable  altitude  losses.  However,  the  added  coat, 
additional  rigging  time,  and  the  complexity  It  adds  to  the 
system  is  not  warranted  since  the  system  without  these  oscilla¬ 
tion  parachutes  gives  acceptable  (but  not  optimum)  performance. 

3*  The  95  foot  centerline  increased  the  drag  characteristic  of 
the  G-llA  canopy  signlf ’cantly.  Acceptable  cargo  vortical 
velocltlas  were  obtained  with  canopy  loadings  of  5000  pounds/ 
parachute  where  this  length  centerline  was  installed. 

Centerlines  are  highly  effective  In  reducing  the  Inflation  time 
of  both  the  G-12D  and  G-llA  parachutes.  Inflation  times  in  the 
order  of  5  seconds  were  obtained  on  the  G-llA  parachute  using 
a  95  foot  centerline  as  compared  to  8.5  seconds  for  a  standard 
parachute. 
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tlndravn  nylon  for^«  ttt«nuti;tor«,<;ere  used  in  conjunction 
with  t>*tachute  reefing  techn;I,cua«  to  control  the  peak 
forcea  during  extraction,  end  the  forces  In  the  suspeneion 
lines  after  force  transfer.  Tliis  technique  proved  to  ha 
very  effective  and  Its  development  is  considered  to  he  a 
major  progratn  accort/llshmont,  ,,The  peak  forces  were  limited 
to  values  :^elow  the  1.5  g  goal.  The  force  attenuators  are 
the  key  elements  in  this  system.  They,' acting  alone,  limit 
the  snatch  fpree  to  acceptable  values,  and  work  in  conjunction 
with  skirt' reefing  of  the  parachutes  to  control  the  opening 
shock  fore'esi.  The  attenuator  eonfiguratlons  developed  dqrlng 
the  course  of  the  test  program  are  simple  to  fabricate  and  easy 
to  install  and  ere  recommended  for  this  type  of  problem. 

the  following  reefing  line  arrangements  proved  effjpetlve  for 
reefing  the  G>11A  parachute  and  are  recomnended  where  this 
parachute  is  used  in  the  EXIARP  system. 


'  ■ 

Reefing  Line  Length 

Parachutes 

And  Gutter 

1  or  2 

19  feet/2  second  cutter 

3  or  4 

23  feet/2  second  cutter 

23  feet/2  second  cutter 

j  CiilU 

*  60  feet/4  second  cutter 

*  Not  Tested 


The  two  and  four  second  reefing  cutter,  delay  times  are  rif>; 
optimum  from  a  systems  standpoint.  However,  they  are  standard 
items  and  the  Improvement  of  system  performance  ft^lized'by 
optimizing  cheir  design  does  not  warrant  the  development  costs. 

i  . 

The  variance  in  the  delay  times  of  the  reefing  cutters  was  a 
major  source  of  trouble  in  multiple  parachute  airdrops.  When 
the  functioning  times  for  these  cutters  is  staggered,  the 
parachute  which  is  first  to  be  dlsreefed,  inflates  much  more 
rapidly  than  the  othrjrs  and  in  some  instanoes  was  damaged  pr 
destroyed.  The  use  of  a  secondary  reefing  Tine  -(60  feet 
with  a  4  second  delay)  was  proposed  as  a  control  for  this 
problem  but  termination  or  the  test  program  occurred  before  it 
was  tested. 


Thl»  tlmllarlty  to  the  itandeTd  airdrop  ayatem  vouLd  mlr.lmlao  re¬ 
training  requlrementa  and  ain^lify  the  problema  of  Introducing 
the  EXIARF  concept  aa  an  operational  ayaten* 

9*  In  the  long  cargo  con^artmenta  of  the  C-141  and  C-5A  airplanes 
and  at  particular  cargo  configurations  consisting  of  several 
units  of  light  cargOf  the  EXXAJtF  concept  would  be  subject  to 
sons  decjnement  In  aircraft  utlllsanlon  when  compared  to  the 
standard  system.  This  problem  la  also  a  function  of  operational 
procedures y  l.e.,  whether  the  cargoes  are  airdropped  sequentially 
or  Individually.  Thli  utilisation  factor  dlmlnlshaa  In  Import- 
anca  aa  tha  walght  of  tha  individual  cargoea  increataa  and  tha 
loading  bacomet  walght  limited  rather  than  apace  limited. 

10.  Furthar  under atandlng  laadlng  to  a  daflnltlon  of  the  limits 
that  can  be  tolerated  in  the  horizontal  oacillationa  of  tha 
cargo-parachute  aystam  la  needed.  The  EXTABP,  end  other  ayateme 
aa  wall,  are  aubject  to  these  oscillations.  It  can  be  corrected 
by  the  nee  of  oeclllatlon  perechutes,  but  these  complicate  the 
system  somewhat  end  the  desire  le  to  avoid  their  use  If  possible. 

11.  The  feasibility  end  practicality  of  tha  IXTARF  concapt  hat  been 
demonatrated  by  actual  airdrop  from  500  feet  for  a  15 » 000 
pound  cargo  only,  tua  to  the  almllerlty  of  design  plua  the 
reaulta  of  the  2000  foot  altitude  developmental  elrdropty  ir 
teems  reasonable  to  project  this  property  cf  feasibility  to  the 
range  of  cargo  weights  from  2000  through  20,000  pounds.  One 
airdrop  wee  performed  on  e  25/. 000  pound  cargo  end  the  trajectory 
data  obtained  encourages  the  possibility  of  Including  this  cargo 
In  the  feasible  set.  The  prdbebll.lcleSj  however,  do  notfavor 
the  extension  of  this  500  foot  altitude  airdrop  capability  to 
Include  the  35,000  pound  cargoes.  The  theoretical  atudlea 
Indicate  that  feaalblllty  la  lost  somewhere  between  30,000  end 
35,000  pounds  and  th^t  these  cargoes  mutt  he  airdropped  from  an 
Increased  altitude  in  order  to  satisfy  acc>?ptable  cargo  Impact 
conditions. 

12.  A  good  understanding  of  the  probable  composition  of  a  practical 
EXIARF  system  emerged  from  this  program.  Recomuendatlprs  as  to 
the  composition  of  the  equipment  as  a  function  of  cargo  weight 
la  presented  in  Table  II. 
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